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INTRODUCTION. 


1. THE nature of the present work is such that perhaps few students will 
find interest in each part of it alike. The ends and the means appeal to 
separate classes: the antiquarian, whose are the ends, will look askance at the 
means, involving co-ordinates, probable errors, and arguments based on purely 
mechanical considerations; the surveyor and geodetist, whose are the means, | 
will scarcely care for their application to such remote times ; the practical man 
who may follow the instrumental details, may consider the discussion of 
historical problems to be outside his province ; while only those familiar with 
mechanical work will fully realize the questions of workmanship and tools here 
explained. 

An investigation thus based on such different subjects is not only at a 
disadvantage in its reception, but also in its production. And if in one part or 
another, specialists may object to some result or suggestion, the plea must be 
the difficulty of making certain how much is known, and what is believed, on 
subjects so far apart and so much debated. ; 

The combination of two apparently distinct subjects, is often most fertile 
in results ; and the mathematical and mechanical study of antiquities promises 
a full measure of success, It is sometimes said, or supposed, that it must be 
useless to apply accuracy to remains which are inaccurate; that fallacies are 
sure to result, and that the products of such a method rather originate with the 
modern investigator than express the design of the ancient constructor. But 
when we look to other branches of historical inquiry, we see how the most 
refined methods of research are eagerly followed : how philology does not 
confine itself to the philological ideas of the ancient writers, but analyzes their 
speech so as to see facts of which they were wholly unconscious ; how chemistry 
does not study the chemical ideas, but the chemical processes and products of 
the ancients; how anthropology examines the bodies and customs of men to 
whom such inquiries were completely foreign. Hence there is nothing 
unprecedented, and nothing impracticable, in applying mathematical methods 
in the study of mechanical remains of ancient times, since the object is to get 
behind the workers, and to see not only their work, but their mistakes, their 
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as giving fuller and more accurate information about the principal parts of the 
Pyramids, with just as much general account as may be necessary to make it 
intelligible, and to enable the reader to judge of the discussions and conclusions 
arrived at on the subject, without needing to refer to other works. Colonel 
Vyse’s volumes are most required for an account of the arrangements of the 
Second and smaller Pyramids, of the chambers in the Great Pyramid over the 
King’s Chamber, of the negative results of excavations in the masonry, and of 
various mechanical details. Professor Smyth's vol. ii. is required for the 
measurements and description of the interior of the Great Pyramid. While the 
scope of the present account includes the more exact measurement of the whole 
of the Great Pyramid, of the outsides and chambers of the Second and 
Third Pyramids, of the Granite Temple, and of various lesser works; also the 
comparison of the details of some of the later Pyramids with those at Gizeh, 
and various conclusions, mainly based on mechanical grounds, 

The reader’s knowledge of the general popular information on the subject, 
has been taken for granted ; as that the Pyramids of Gizeh belong to the first 
three kings of the fourth dynasty, called Khufu, Khafra, and Menkaura, by 
themselves, and Cheops, Chephren, and Mycerinus, by Greek-loving Englishmen ; 
that their epoch is variously stated by chronologers as being in the third, fourth, 
or fifth millennium B.c.; that the buildings are in their bulk composed of blocks 
of limestone, such as is found in the neighbouring districts; that the granite 
used in parts of the insides and outsides was brought from Syene, now Assouan ; 
and that the buildings were erected near the edge of the limestone desert, 
bordering the west side of the Nile valley, about 150 feet above the inundated 
plain, and about 8 miles from the modern Cairo. 

3. One or two technical usages should be defined here. All measures 
stated in this volume are in Imperial British inches, unless expressed otherwise ; 
and it has not been thought necessary to repeat this every time an amount is 
stated ; so that in all such cases inches must be understood as the medium of 
description. Azimuths, wherever stated, are written + or —, referring to 
positive or negative rotation, #.e., to E. or to W., from the North point as zero. 
Thus, azimuth —5’, which often occurs, means 5’ west of north. Where the 
deviation of a line running east and west is stated to be only a few minutes + 
or —, it, of course, refers to its normal or perpendicular, as being that amount 
from true north. 

The probable error of all important measurements is stated with the sign 
+ prefixed to it as usual. A full description of this will be found in any modern 
treatise on probabilities; and a brief account of it was given in “ Inductive 
Metrology,” pp. 24-30. Some technical details about it will be found here in 
the Appendix on “ The Rejection of Erroneous Observations” ; and I will only 
add a short definition of it as follows :—The probable error is an amount on 


PYRAMIDS AND TEMPLES OF GIZEH. 


—rUPLakLER IT 


CHAPTER I. 
OBJECTS AND MEANS. 


4. THE small piece of desert plateau opposite the village of Gizeh, though 
less than a mile across, may well claim to be the inost remarkable piece of 
ground in the world. There may be seen the very beginning of architecture, the 
most enormous piles of building ever raised, the most accurate constructions 
known, the finest masonry, and the employment of the most ingenious tools ; 
whilst among all the sculpture that we know, the largest figure—the Sphinx— 
and also the finest example of technical skill with artistic expression—the Statue 
of Khafra—both belong to Gizeh. We shall look in vain for a more wonderful 
assemblage than the vast masses of the Pyramids, the ruddy walls and pillars of 
the granite temple, the titanic head of the Sphinx, the hundreds of tombs, and 
the shattered outlines of causeways, pavements, and walls, that cover this earliest 
field of man’s labours. 

But these remains have an additional, though passing, interest in the 
present day, owing to the many attempts that have been made to theorise on 
the motives of their origin and construction. The Great Pyramid has lent its 
name asa sort of by-word for paradoxes; and, as moths to a candle, so are 
theorisers attracted to it. The very fact that the subject was so generally 
familiar, and yet so little was accurately known about it, made it the more 
enticing; there were plenty of descriptions from which to choose, and yet most 
of them were so hazy that their support could be claimed for many varying 
theories. 

Here, then, was a field which called for the resources of the present time for 
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5. For a detailed statement of what was urgently wanted on these subjects, 
I cannot do better than quote from a paper by Professor Smyth,* entitled, “Of 
the Practical Work still necessary for the Recovery of the Great Pyramid’s 
ancient, from its modern, dimensions”; and add marginal notes of what has 


now been accomplished. 


“As my measures referred chiefly to the interior of the 
structure, and as there the original surfaces have not been much 
broken, the virtual restoration of that part has been by no means 
unsuccessful ; and requires merely in certain places—places which 
can only be recognised from time to time as the theory of the 
building shall advance—still more minutely exact measures than 
any which I was able to make, but which will be comparatively 
easy to a scientific man going there in future with that one special 
object formally in view.” 

“The exterior, however, of the Great building, is exceedingly 
dilapidated, and I have few or no measures of my own to set forth 
for its elucidation. That subject is, therefore, still “to let”; and 
as it is too vast for any private individual to undertake at his own 
cost, I may as well explain here the state of the case, so that either 
Societies or Governments may see the propriety of their taking up 
the grand architectural and historical problem, and prosecuting it 
earnestly until a successful solution of all its parts shall have been 
arrived at.” 

‘‘ Size and Shape, then, of the ancient exterior of the Great 
Pyramid, are the first desiderata to be determined.” 

(A statement of the various measurements of the base here 
follows.) 

“As preparatory, then, to an efficient remeasurement of the 
length of the Base-sides of the Great Pyramid, itself an essential pre- 
liminary to almost all other Pyramidological researches, I beg 
to submit the following local particulars.” 

“(1.) The outer corners of four shallow sockets, cut in the 
levelled surface of the earth-fast rock outside the present dilapidated 
corners of the built Great Pyramid, are supposed to be the points 
to be measured between horizontally in order to obtain the original 
length of each external, finished, ‘casing-stone’ base-side.”’ 

“(2.) Previous to any such measurement being commenced, 
the present outer corners of those sockets must be reduced to their 
ancient corners, as the sockets have suffered, it is feared, much 
dilapidation and injury, even since 1865 ; owing to having been 
then imperfectly covered over, on leaving them, by the parties who 
at that time opened them.” 

“(3.) The said sockets must be proved to have been the sockets 
originally holding the corner stones of the casing ; or showing how 
far they overlapped, and therefore and thereby of defining the 
ancient base of the Great Pyramid (0 the amount so overlapped. 


* Edinburgh Astronomical Observations, vol. xiii., p. 3. 
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“(8.) When the four sides of the base, and the corresponding 
sides of the pavement are exposed to view,—a new fixation of the 
exact original places of the precise outer corners of the now 
dilapidated and rather expanded corner sockets may be required ; 
and then, from and between such newly fixed points, there must be 

A, Linear measures of distance taken with first-rate 
accuracy. 

B. Levellings. 

C. Horizontal angles, to test the squareness of the base. 

D. Astronomical measures to test the orientation of each of 
the base sides. 

E. Angular and linear measures combined to obtain both 
the vertical slope of the ancient Pyramid flanks, and 
the distance of certain of the present joints of the 
entrance passage from the ancient external surface 
of the Pyramid in the direction of that passage pro- 
duced—a matter which is at present very doubtful, 
but a new and good determination of which is essential 
to utilize fully the numerous internal observations con- 
tained in this and other books.” 

“(9.) When all the above works shall have been carefully 
accomplished, the men who have performed them will doubtless 
have become the most competent advisers as to what should be 
undertaken next ; whether in search of the fourth chamber, con- 
cerning whose existence there is a growing feeling amongst those 
who have studied certain laws of area and cubic contents which 
prevail among the presently known chambers and passages; or 
for the more exact measurement of certain portions of the building 
which shall then be recognised by the theory as of fiducial 
character and importance.” 

“(10.) Should the next remeasurement unfortunately not be 
under sufficiently favourable auspices or powerful patronage 
enough to attempt all that has been sketched out above—I would 
suggest to those employed upon it the importance of endeavouring 
to operate in that manner on at least the north side of the Great 
Pyramid alone, where much of the work has been already per- 
formed, and where traces of the old base-side are known to exist, 
or did certainly exist 34 years ago.” 

“(11.) The levels as well as temperatures of water in the wells 
of the plain close to the Pyramid, and in the Nile in the distance, 
should also be measured through a full twelvemonth interval. A 
meteorological journal should likewise be kept for the same period 
at the base of the Pyramid, and the corrections ascertained to 
reduce it either to the summit or King’s chamber levels above, 
or to the plain level below; while no efforts should be spared 
to re-open the ventilating channels of the King’s chamber and to 
prevent the Arabs from filling them up again.” 

- “(12.) An examination should be made of the apparent Pyramid 
in the desert almost west of the Great Pyramid ; likewise of the 
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honestly genial and right-minded in his words and acts, and knew what so few 
Arabs do know—how not to obtrude. The rank and file of the guides—so 
familiar, with their little stocks of antikas in the corners of old red handker- 
chiefs—reckoned that I was free of the place, having Ali for my servant; they 
never gave me the least trouble, or even whispered the omnipresent word 
bakhshish, but were as friendly as possible on all occasions, many claiming a 
hand-shaking and a hearty greeting. My impression of a year’s sojourn with 
Arabs is favourable to them; only it is necessary to keep the upper hand, to 
resist imposition with unwearied patience, to be fair, and occasionally liberal 
in dealings, and to put aside Western reserve, and treat them with the same 
familiarity to which they are accustomed between different classes. With such 
intercourse I have found them a cheerful, warm-hearted, and confiding people. 


10 INSTRUMENTS. [Chap. sf. 


CHAPTER II. 


INSTRU MENTS. 

8. THE list of instruments employed was as follows : 
A® Standard scale, steel 100 inches long, divided to 1 inch. 
Be Steel tape 1,200 ” YD 50 ” 
C Steel chain I,000.Cl—t*=»» » 20 » 
D Pine poles, a pair I inch diameter 140 ,, e IO 4 
E* Pine rods, a pair I x 2 inches 100__,, ” ae 
F* Pine rods, loof yxI_,, 60 , is | 

(Jointing together into two lengths of 250 ,, each.) 
G* Pine rods 3 of 4x 2 inches 60 , ™  % 

for levelling {3 el. % _ 60 , » 
H* Pine rods, 2, %XI 4, 40and20 _ ,, ” I » 
J Box on mahogany rods, 2 of 1x1 25°. <z . Yo » 
K_ Boxwood scale, 1°25 X ‘13 I2 , ” 45» 
L_ Steel scale, 1°07 X ‘04 12 ,, a Ys » 
M* Ivory scales, 2 of 1°18 x ‘08 10, 5s 15 » 
N* Boxwood scale, 1°18 x ‘08 IO, . toon 
O* Gun metal scale, 1:06 Xx ‘09 ° - - to» 
P* Ivory scale, 10 x‘08 18. im 


a 
x 
Y 


(The divisions of those marked * are all known to within Tees in 


Q Double calipers, 72 inches long. 
R Supports for catenary measurement by tape and chain. 
S 10 thermometers for scale temperatures. 
a Theodolite {10 inch circle, divisions 5’, vernier 3" 
by Gambay 7 inch circle, ye 10, 4% To" telescope x 35. 
6 Theodolite § inch circle, ge 30, 1’ 
by King 5 semicircle, es, 306 <# 1’ telescope x 6. 

¢ Theodolite 4inchcircle, , 30, » 

by Troughton { 4 semicircle, s 30, ww 1’ telescope x 8. 


od Sy Taha 1°64 inch radius, division 30’, vernier 1’. 

¢ Hand level in brass case. 

J Gun metal protractor, by Troughton, 5’9 diam., divisions 30. 
g Mahogany goniometer, 11 and g inch limbs. 

hk Queen's chamber air channel goniometer. 

J Sheet steel square, 35 and 45 inches in the sides. 

k Folding wooden tripod stand, old pattern. 
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¢ Rigid tripod stand, 30 inches high, octahedral. 
m Rigid tripod stand, 16 __,, ‘5 

m Rigid iron tripod, 12 ,, 

o 12 signals, with plumb bobs. 

The above were all used, most of them continually ; a few other instruments 
were also taken out, but were not needed. 

g. Several of these instruments were of new or unusual patterns, which—as 
well as various fittings adapted to them—require some explanation. The 
dimensions are all in inches. 

A. The steel standard and straight-edge was on a new principle, employing 
the stiffness of a tube to maintain the straightness of a strip. It was skilfully 
executed by Mr. Munroe, of King’s Cross. A steel tube, 102 inches long, 
2°0 diam., and ‘06 thick (see Fig. 1, Pl. xv.) was supported at the two neutral 
points, 20°8 per cent. from the ends, resting on two feet at one point and one at 
the other. This tube carried a series of 15 flat beds, all dressed exactly to a 
straight line when the tube rested on its supports. These beds supported the 
actual standard, which was formed of three independent strips of stcel, each 
34 inches long, 2'0 wide, and ‘1 thick, butting end to end. These strips bore on 
the upper face, along the front edge, very fine graduations, the lines being about 
reese Wide. To ascertain the mean temperature throughout the whole length of 
the standard, a rod of zinc was screwed tightly to one end of the standard, and 
bore a scale divided to 4$,ths at the other end; the scale rising through a slot in 
the standard. The value of the divisions for various temperatures was carefully 
ascertained. As this standard was also a straight-edge, the edges of the three 
strips were all true straight lines, with a mean error of ;;5th inch; and the 
edges were brought into one continuous straight line by adjusting screws set in 
the supporting beds, at the ends of the back edge of each strip. The object of 
having three separate strips was that they could be dismounted for independent 
use in measuring or drawing, and for testing each other’s straightness; that 
unequal heating of one edge should not cause as much distortion, in length or 
straightness, as if it were in one continuous piece ; and that the weight should not 
be too great for the rigidity, in handling it when detached from the supports. The 
principle of separating the stiff part from the actual scale was adopted in order 
to use the regular drawn weldless steel tube, which is the stiffest thing for its weight 
that can be had, and also to prevent any unequal heating warping the straightness, 
as the tube was boxed in by a thin wooden sheath, and so was sheltered far more 
than the scale could be. The minor details were that strips were held down 
by screws with countersunk heads, bearing on steel spring washers ; and they 
were pressed home against cach other’s ends, and also against the back adjusting 
screws, by diagonally acting springs. Along the front of the tube were projecting 
screws, nutted on and adjusted to form a right angle with the face of the strip ; 
so that the standard could be applied to any surface exactly at right angles. 


99 
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as thin as can be used with fair care. The eyes (see Fig. 3, Pl. xv.) are wide 
enough to fold up one in the other, without any intermediate rings. They are 
rhomboidal, so that they cannot hitch one on the other, but will always slip down 
when pulled ; and the internal curvature of the end of the eye is only just greater 
than that of the section of the wire, so that the linkage is sure when in use to 
come to its maximum length.* The junction of the eye is made with a long 
lapping piece, cut One-third away, and tinned to the stem. The whole was tested 
with 100 Ibs. pull, to bring it to its bearings, before marking the divisions, The 
exact length of the links is unimportant, as, after the chain was made and 
stretched, a arrow collar of sheet copper was soldered about the middle of each 
link, the collars being adjusted to exactly 20 inches apart. Besides this, each 
link bore its own number, marked by a broad collar of copper for each 100, and 
a narrow collar for each 20 inches or link; thus, at 340 inches there were three 
broad and two narrow collars by the side of the central dividing mark on the 
link. These collars were put towards one end of the link, apart from the dividing 
mark, and counted from each end up to the middle, as usual. The central eye 
of the chain was not tinned up, but was held by a slip clutch; thus the chain 
could be separated into two 500-inch lengths if needed, each complete in itself, 
as for base lines for offsets. The handles were kept separately, hooking into 
any link at which accurate readings under tension might be needed. They were 
of the same wire as the chain, with wooden cross-bars. One of them included an 
inverted spring (see Fig. 2, Pl. xv.), so that the pull compressed the spring, 
When the pull reached 10 Ibs., a small catch (not shown in the Figure) sprang 
out from the stem, and caught the coils. This left only a very small amount of 
play ; and hence, when using it, the regulation of the tension did not require to 
be looked at, but was felt by the finger when at Io Ibs. pull. 

The advantages of this pattern are: (1) Great lightness and compactness of 
the chain, as it only weighs 2} lbs., and forms a sheaf 14 inch diam.; (2) con- 
sequent small error by catenary curves, and ease of carrying it clear of the 
ground by its two ends; (3) accuracy of the divisions ; (4) freedom from errors 
in the linkage; (5) that no counting of the links is required, each being numbered ; 
and (6) that standard tension can be maintained by touch, while the eyes are 
used on reading the chain length. The worst error of division was ‘03, the 
average error ‘OI, and the total Jength, with 1o lbs. tension, true at 15°8° cent. ; 
the stretching ‘o1 per lb. on the 1,000-inch total length. 

D. The pine poles were only used for common purposes, being correct to 
about ‘o2. 

E. F. G. H. All these rods were divided from the standard scale. I made 


* This is preferable to the type of the standard chain of the Standards Department, as that 
has such a flat curve at the end of the eye that it is not certain to pull to the maximum length ; 
and in a light thin chain such a form would be liable to bend. 
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the other support carried a lever arm, weighted so that it balanced with 
10 lbs. horizontal pull from the point where the tape was attached; hence 
the stand was drawn back until the arm swung freely, and then there was 
10 lbs. tension on the tape. But transferring apparatus was needed, to transfer 
down from the marks on the tape to the station mark; and to be able to read 
as instantaneously as if the tape lay on the station mark, for simultaneous 
readings at each end. After several experiments I adopted a horizontal 
mirror, levelled in the direction of the tape length, and supported at half the 
height of the tape. The edge of this mirror being placed just beneath the tape, 
the reflection of the tape marks could be seen side by side with the station 
mark ; both marks being at the same virtual distance from the eye, and there- 
fore both in focus together. Motion of the eye does not affect the coincidence, 
except when the mirror is not level, or not at half the height of the tape; and 
even then only if large variations occur together. The mirror, its stand, and 
level, I arranged to pack inside the wedge-shaped terminal support. 

S. The thermometers were common mercurial and spirit tubes. I 
graduated them by freezing point, and a hot bath with a fine chemical 
thermometer in it. Divisions are most easily and visibly marked on the 
tubes by coating one side with whiting and a trace of gum, then scratching 
the lines through that with a point; and then fixing, by dipping the tube 
in thick varnish, The tubes were mounted with the divisions placed behind, 
and thus much spread out from side to side, as seen through the tube. The 
wooden frames were thick enough to protect the whole bulb and tube sunk 
in them; and the numbering could be safely trusted to the frame, though 
the accuracy of the divisions was secured on the tube. This plan of seeing 
the scale through the tube, might be improved on by instrument makers 
flashing a thin coat of opaque white glass down the back of the tube, and 
then etching out the divisions through it. 

10. a. The principal angular instrument was a splendid theodolite by 
Gambay, said to have been used by the French in their share of the Angto- 
French triangulation. It was of a very unusual form, the support of the 
upper parts and altitude circle being a pillar formed of the cone axis of the 
lower or azimuth circle; and the 10-inch or altitude circle being set on a 
horizontal axis parallel to the plane of it, so that it could be turned over 
horizontal, as an azimuth circle, with its centre over the axis of the fixed or 
7-inch horizontal circle. This was a bold device for making available the full 
accuracy of the finest of the circles for either altitudes or azimuths, and it 
was quite successful, as I could never detect the least shake in the converting 
axis, even though this was taken apart every time the instrument was packed 
The total weight was so small—being only 37 lbs—that I could freely carry 
it, as set up for work, from station to station; but to avoid straining it in 


Sect. 10.] DETAILS OF ANGULAR INSTRUMENTS. 19 


in a transiting instrument; the only extra source of error is irregularity in the 
form of the rings, which can be tested by revolving the telescope in its cradle. 

hk. For ascertaining the angles of the Queen’s Chamber air channels I needed 
to measure as long a length of slope as possible, at about 8 feet inside a 
passage which was only 8 inches square. For this I pivoted an arm on the 
end of a long rod (see Fig. 9, Pl. xv.), and passed it into the passage in the 
dotted position at A; on reaching the slope it turned itself up to the angle by 
pressure, the main rod touching the passage roof. The arm carried an index, 
which touched a scale attached to the main rod, This scale was divided by 
actual trial, by applying a protractor to the limbs and marking the scale. To 
read it, a candle was carried on an arm, which shaded the direct light from the 
eye ; and the scale was inspected by a short-focus telescope. Thus the readings 
were made without needing to withdraw the goniometer from the narrow 
channel, and hence the arm of it could be much longer than would be otherwise 
possible. 

j. A large square, 35 and 45 inches in the sides, of sheet steel strips, 2 inches 
wide, and tinned together, I made for testing angles; it was not exactly 
adjusted to squareness, but its angles were very carefully fixed, by triangulating 
a system of fine punched dots on the face of it; and the edges werc 
adjusted straight within about -003 throughout their length. It could be used 
for the absolute value of slopes of about 51° 50’ and 26° 20’, by means of a 
rider level placed on one edge of it, and reading by means of a divided head 
screw at one end. To render the square stiff enough sideways, it was screwed 
down (with round projecting screw heads, not countersunk) to a frame of 
wooden bars, 2 x1 inch in section, I generally found, however, that it was best 
to measure a slope by theodolite and offsets. 

k. l. m. 2. These stands were used for the theodolites. Generally the 10-inch 
theodolite could be placed directly on the rock, or on a stone; but when a 
stand was needed I used one about 30 inches high, that I made of 1 x1 pine rod ; 
the top was stouter and about 12 inches triangle, and the feet about 30 inches 
apart, connected by cross bars, Thus it was of the octahedral pattern, a trian- 
gular face at the top, another at the base, and six faces around ; this being the 
only form absolutely free from racking. The screw feet of the theodolite rested 
on leaden trays on the top of the stand, which allowed free sliding for adjusting 
its centring. <A similar octahedral stand about 16 high, was made of 4 x1 inch 
pine, for the 5-inch theodolite ; in order to stand it in chambers or on stones. 
The instrument was clamped on to the stand by a screw from beneath, passing 
through a plate under the triangular top of the stand, and screwing into the base 
plate of the theodolite, which rested upon the top of the stand. Thus it could 
be slid about on the stand, to adjust its centring, and then clamped tight after- 
wards. The iron stand was of just the same pattern, but made of 3 inch iron 
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crumbles away if broken ; and yet it is imperishable by weathering. To clean the 
surface of the marks, if they become indistinct, a thin shaving can be taken off the 
rock, plaster, and central graphite altogether. Where I had to place a stone for a 
station mark, I sunk it in the ground; and for the base terminals I took large 
pieces of basalt, and sunk them beneath the surface ; thus a couple of inches of 
sand usually covers them, and they cannot be found without directions. 

On reading this description of the instruments, it might be asked what need 
there could be for doing so much in adjustment, alteration, and manufacture, 
with my own hands. But no one who has experienced the delays, mistakes, 
expense, and general trouble of getting any new work done for them, will 
wonder at such a course. Beside this, it often happens that a fitting has to be 
practically experimented on, and trials made of it, before its form can be settled. 
And, further, for the instinctive knowledge of instruments that grows from 
handling, cleaning, and altering them, and for the sense of their capabilities and 
defects, the more an observer has to do with his own instruments the better for 
him and for them. 
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sides from a plumb-line hung at intervals over the edge of the wood ; its distance 
from the straight stretched thread, being added to the offsets, thus gave the 
distances of the coffer sides from true vertical planes of known relation to each 
other, at various points all over the sides. Similarly, the inside was measured 
by a frame, slightly smaller inside it than the coffer. The bottom was measured 
by raising the coffer 8 or 9 inches; the theodolite was placed to sight under it, 
and offsets were thus read off to the outside bottom from a level plane, also 
reading the height of the plane of sight on a vertical rod; then the theodolite 
was raised so as to sight over the top of the coffer, the height of its plane on the 
same fixed rod was read off to give its change of level, and then long offsets 
were taken to points on the inside bottom of the coffer. Thus the thickness of 
the bottom is determined by the differences of level of the theodolite, mznus the 
two offsets. Besides this, a check on the sides was taken by a direct measure- 
ment of their thickness with the pair of calipers already described. 

The antechamber was measured in the common way; but the granite leaf 
in it had a bar placed across the top of it, with a plumb-line at each end of the 
bar, ze., N. and S. of the leaf. The distances of the lines apart were taken below 
the leaf, and offsets were taken all up the leaf on each side; this was done at 
each end and in the middle of the leaf. 

In the Queen’s Chamber two plumb-lines were hung from the ends of the 
roof-ridge, their distance apart observed, and offsets taken to the side walls and 
to the ends. Offsets were also taken to the niche, which was, beside this, gauged 
with rods between its surfaces all over. The heights of the courses were also 
measured in each corner. The angles of the air channels were read by the 
goniometer already described. 

The subterranean chamber was measured in the common way, with rods 
along the sides, but the irregularity of the floor, and the encumbrance of stones 
left by Perring made it very difficult to measure. 

12. Turning next to measurements made with the theodolite, these generally 
included some determination of angular as well as lineal quantities. The 
straightness of the sloping passages was uniformly observed by clamping a 
theodolite in azimuth, pointing along the passage, and having a scale held as 
an offset against the wall at marked intervals; thus variations in azimuth of the 
passage were read. On reaching the end, the assistant holding the scale 
stopped, the theodolite was clamped in altitude instead of in azimuth, and 
the assistant returned, holding the offset scale to the floor or roof; thus 
variations in slope of the passage were read. The whole length of the entrance 
passage, and the ascending passage and gallery in one length, were thus 
measured. For the air channels on the outer face, where the floor is unbroken, 
a slip of board carrying a perpendicular mirror was let down the channel by a 
string, in lengths of 10 feet at a time ; and the dip to the reflection in the 
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equalize the friction of its support: thus the distances of the zeros of the scales 
placed all along the base were ascertained, and hence the total length of the base. 

For the height of the Great Pyramid a line of levelling was run up the 
S.W. corner, across the top, and down the N.E. corner, stepping 15 to 20 feet 
at each shift. Separate lines of level were twice run round the Pyramid, 
(including the basalt pavement, &c.), and the differences were under } inch, 
both between them and from the levels of Mr. Inglis, excepting his S.E. socket. 
Thus a complete chain, from N.E. to S.E., to S.W., to top, across top, and 
to N.E. was made; and the difference was only } inch on the return, the 
total run being 3,000 feet distance, and goo feet height. Besides this, an 
independent measurement by rods had been carried up each of the four corners 
of the Pyramid to the top; generally two, and sometimes three or four, steps 
were taken in one length, and levelled to the nearest, ys inch, from the upright 
rod to the upper step, by a reversible horizontal rod with level attached. 
The intermediate courses in each length were also measured off. This gives 
all the course heights, and is regulated at every 10 or 20 courses by the 
accurate levelling on the N.E. and S.W. The same point was always used on 
each step, both in the measuring and the levelling, so as to avoid errors of 
levelling and dressing in the steps ; and each tenth course has a cross scored on 
the stone, at the point used in the levelling. The Third Pyramid was only 
measured by rods up the courses. 

The angles of the ascending passages were not retaken, as Professor Smyth 
had already done that work fully ; but the angle to the bottom of the entrance 
was observed by the 10-inch theodolite, placed on a shelf across the mouth of 
the passage. The levels of the horizontal passages were taken with the 5-inch 
theodolite, placed in the middle, and reading on both ends, The level from the 
entrance passage to the ascending passage was read off on a single vertical 
rod placed in Mamun’s Hole ; a theodolite being put first in the lower and then 
in the upper passage to read on it. 

As a general principle, in observing down a passage with a theodolite, no 
dependence was placed on measuring the position of the theodolite, which was 
usually outside the passage in question ; but in all cases a signal was fixed in 
the passage near the theodolite, as well as one at the farthest point to Le 
observed, and the azimuths of both were noted ; the distances being roughly 
known, the minute corrections to be applied to the azimuth of the further signal 
could be readily determined. The azimuth observations of Polaris always 
included a greatest elongation. For the dip of the entrance passage the 10-inch 
theodolite was clamped in altitude, at closely the true angle; an offset was 
taken to the roof at the bottom, and the theodolite was reversed and re-read as 
usual to get the dip, reading level at the same time. Offsets were then read to 
points all up the roof, keeping the telescope clamped in its second position; thus 
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CHAPTER IV. 


EXCAVATIONS. 


13. IN Egypt all excavations are forbidden, and a special permission is 
required for any such researches, the law of treasure-trove being the same as in 
England. Having in 1880-1 done all the triangulation of my station marks, it 
was requisite in 1881-2 to connect them with the ancient points of construction. 
For this, therefore, I needed permission to excavate, and applied to M. Maspero, 
the courteous and friendly director of the Department for the Conservation of 
Antiquities ; Dr. Birch kindly favouring my request. In order to save delay and 
needless formalities, M. Maspero at once said that he would permit me to work 
under his firman, on all the points that I had indicated to him in writing ; the 
Bulak Museum being formally represented by a reis, who would observe if any- 
thing of portable value should accidentally be discovered, though such was very 
unlikely and unsought for. Under this arrangement, then, I carried on 
excavations for about six weeks, having during most of the time about 20 men 
and boys engaged. The total expense was only about 418, or £22 including 
the reis of the Museum. He was a son of old Reis Atweh, who worked for 
Prof. Smyth ; a very polite man, who quite understood that his presence was a 
formality.* 

The first work that needed to be done (and that quickly, before the 
travellers’ season set in) was to open the entrance passage of the Great Pyramid 
again to the lower chamber. The rubbish that had accumulated from out of 
Mamun’s Hole was carried out of the Pyramid by a chain of five or six men in 
the passage. In all the work I left the men to use their familiar tools, baskets 
and hoes, as much as they liked, merely providing a couple of shovels, of picks, 
and of crow-bars for any who liked to use them. I much doubt whether more 
work could be done for the same expense and time, by trying to force them into 
using Western tools without a good training. Crowbars were general favourites, 
the chisel ends wedging up and loosening the compact rubbish very easily ; but 
a shovel and pickaxe need a much wider hole to work them in than a basket 

* A notice of these excavations appeared at the time in the Academy of 17th December, 
1831. 
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a part (often called the “Grotto’’) cased round with small hewn stones. These 
were built in to keep back the loose gravel that fills a fissure in the rock, 
through which the passage passes. These stones had been broken through, 
and much of the gravel removed ; on one side, however, there was a part of the 
rock which, it was suggested, might belong to a passage. I therefore had some 
of the gravel taken from under it, and heaped up elsewhere, and it was then 
plainly seen to be only a natural part of the water-worn fissure. This well is 
not at all difficult to visit; but the dust should be stirred as little as possible. 
One may even go up and down with both hands full, by using elbows and 
toes against the sides and the slight foot-holes. 

14. The next business was to find the casing and pavement of the Great 
Pyramid, in other parts beside that on the N. face discovered by Vyse: the 
latter part had been uncovered, just when I required it,in 1881, by a contractor, 
who took the chips of casing from the heaps on the N. face to mend the road. 
Thus the tourists to the Pyramid actually drive over the smashed-up casing 
on their way. On the three other sides the Arabs had some years ago cut 
away a large part of the heaps of casing chips, in search of pieces which would 
do for village building. Thus the heaps were reduced from about 35 to only 
20 feet in depth, over the middle of the base sides of the Pyramid ; though 
they were not touched at their highest parts, about 40 or 50 feet up the sloping 
side of the Pyramid. 

The shafts for finding the casing were then sunk first of all about 100 feet 
from the corners of the Pyramid; and then, finding nothing there but rock 
(and that below the pavement level), places further along the sides were tried ; 
until at last the highest parts, in the very middle of the sides, were opened. 
There the casing and pavement were found on every side, never seen since the 
rest of the casing was destroyed a thousand years ago. Thus for the North 
casing four shafts were tried ; but no casing was found, except where known 
by Vyse. On the East side four shafts were sunk, finding casing in the middle 
one, On the South four shafts were sunk, finding badly preserved casing in 
one, and good casing in another, entirely eaten away, however, just at the 
base (see Pl. xii.). On the West side five shafts were tried, finding casing 
in one of them, and pavement within the casing line at the N.W. The East 
and South casing was seriously weathered away; on the East it was only 
defined by the pavement being worn away outside its ancient edge; and on 
the South it was found to be even hollowed out (Pl. xii.), probably by the 
action of sand whirled up against the base, and scooping it out like sea-worn 
caves. The shafts were cut as small as possible, to avoid crumbling of the 
sides ; and they were steined with the larger blocks where the rubbish was 
loose : ledges were left at each six feet down, for the men to stand on for 
handing up the baskets and larger stones, The Arabs never would clear away 
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found in other parts, it was accepted as being equivalent in position to 
the foot of the casing slope, without needing to find actual casing in each 
place. 

At the N.E. corner the raised edge was found, scarcely covered over. On 
the E. side two pits were sunk, and the edge was found in one at the S. end. 
The edge was cleared at the S.E. corner. On the S. side the edge was found 
at the E. end, and the casing ix stfu cleared at the W.end. The S.W. corner of 
the edge was cleared. On the W. side the edge was found at the N.end. The 
N.W. corner was cleared, but no edge was found there. On the N. side the 
edge was found at the W. end. Thus the raised edge was found and fixed at 
eleven points around the Pyramid. The joints of the platform of huge blocks on 
the E. of it were partly cleaned to show the sizes of the stones. Three pits 
were tried on the N.W. of the Pyramid, and the edge of the rock bed of the 
pavement was found in two of them. ‘Two trenches were made to examine the 
edge of the great rock cutting on the N. side of the Pyramid. 

Twenty-three trenches and sixty-seven pits were dug to uncover parts of 
the great peribolus walls of this Pyramid. Thus it was found that all the heaps 
and ridges, hitherto called “lines of stone rubbish,” were built walls of unhewn 
stone, mud plastered, with ends of squared stone, like ante. The great 
barracks, consisting of a mile and a half length of galleries, was thus opened. 
Many fragments of early statues in diorite, alabaster, and quartzite, were found, 
as well as early pottery, in the galleries ; though not a five-hundredth of their 
whole extent was uncovered. The great hewnstone wall, built of enormous 
blocks, on the N. side of the Pyramid, was examined by pits ; and quarry marks 
were found on the S. sides of the blocks. Two retaining walls of unhewn stone, 
like those of the galleries, were found in the large heap of chips, which is banked 
against the great N. wall. These retaining walls contained waste pieces of 
granite and basalt. The great platform of chips, tipped out by the builders 
beyond the S. peribolus wall, was cut into in two places. Some early pottery 
was found ; and it was evident, from the regular stratification, that it had been 
undisturbed since it was shot there in the time of Khafra. Altogether, 108 pits 
and trenches were opened around the Second Pyramid. 

16. At the Third Pyramid it was necessary to clear the casing at the base 
level; and this was a more troublesome place to work on than any other. 
Howard Vyse reports that he abandoned his work here on account of the great 
difficulty and danger of it. The material to be removed consists entirely of 
large blocks of granite weighing a ton and upwards, which lie embedded in 
loose sand; hence, whenever the sand was removed in digging a hole, it ran 
down from the sides, and so let one of the large blocks drop into the hole. The 
most successful way of getting through it was to bring up other stones and 
place them so as to form a ring of blocks wedged together around the hole, and 
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weekly, and no attempts were made to impose, as I kept a daily register of the 
number employed. Ali received what I always paid him while I was living 
there, £1 a week, and 4s. for his slave and nephew sleeping in the next tomb as 
guards ; for this he was always at my disposal for work (though I did not 
occupy half of his time), and he made all purchases and arrangements with the 
neighbours, besides keeping me quite free from molestation or black-mailing by 
the other Arabs. 
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CHAPTER V. 


CO-ORDINATES OF STATION MARKS AT THE PYRAMIDS. 


18. THE station marks of the triangulation consist of holes drilled in the 
rock or stone, and filled with blue-tinted plaster, as already described 
(sec. 10). Where great accuracy was needed a graphite pencil lead was put 
vertically into the plaster. Thus the mark may be scraped clean, if bruised or 
defaced, without destroying the mark. To enable the station-mark holes of 
about }-inch diameter to be readily found, and at the same time to draw off 
attention from them, two $-inch holes, similarly filled, are drilled, in most cases 
one on each side of each station mark, at 5 inches from it, to the N.E. and S.W. 
I also utilized some few of Mr. Gill’s bronze station marks, that had escaped the 
attention of the Arabs. The less important stations, of the rock trenches, 
are merely marked by a single }-inch hole, filled with blue plaster. The 
general position of the station marks are shown in the plan of the triangulation 
on Pl. i. 

19. The co-ordinates of the station marks, &c., are reckoned from a line 
beyond the N. side of the whole area, and from a line beyond the E. side of the 
area: thus there are no minus quantities. The azimuth of true North on the 
system of co-ordinates is East of the approximate North of the system, or the 
azimuth of its Eastern boundary, by 


+ 1° 12’ 22° 6" 
and the value of the unit of co-ordinates in British inches is 
°00508259+ 00000003 log. *706085 3+°0000017 
or the number of units in the inch 


196°750+-00!1 log. ‘2939147 +'0000017 
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STATIONS. 
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Place. 


S.W. corner of the 9th Pyramid . 

N. side of 2nd Pyramid Temple . 

N. side of 3rd Pyramid Temple . 

Top block of 5th Pyramid 

N. side of 3rd Pyramid ; : 

Rock of hill, W. of 1st Pyramid . 
Tomb, No. 17, Lepsius ; 

Hillock S.E. of 3rd Pyramid _.. 

Top of large building E. of 3rd Pyramid 
Pile of slabs N.E. of 1st Pyramid : 
Slab in ground N. of entrance of Ist Pyramid (Gill) 


Tomb N.W. of N.W. corner . 

Tomb W. of ___,, . ‘ 5 (Gill) 
N.W. socket of » 9 (Gill) 
Edge of floor of passage of 5 ‘i ; 
N.E. socket of ” ” (Gill) 
Staff on top of a ce : 
W. side of 7th Pyramid . : : : 
E. side rubbish heap of Ist Pyramid . (Gill) 
S.E. socket of . e » (Gill) 
S. side on masonry of __,, e ' ; 
S.W. socket of e F ; 
W. side rubbish heap of ,. ss - . (Gill) 
Tomb, No. 44, Lepsius ‘ ai 


E. end of base line, on block of basalt. 


W. 
Masonry above, and W. of, door, and Pyramid ; 
N.W. corner of rock cutting round . i : 
N.W. corner . - 

N.E. corner ‘, » 

S.E. corner (on masonry) ‘ * 

S.W. corner - és 

W. side of rock cutting round - A 

Wall W. of 3rd Pyramid ; 


N. side of 4th Pyramid ‘ 
N.W. corner of masonry of 3rd Pyramid 


S. W. 99 39 5 ] 99 
S.E. ,, n yo» 
N.E. 


Masonry ‘below door, Ist Pyramid : 
N. end of North Trench 
S. end of __,, 3 
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Letter 


From North. 


3 987 140 


14 650? 


Wa 


From East. 


935 234 
3 411 980 
§ 839 239 
6 836 560 
6 840 249 
132 966 
000 000 
571 047 
491 863 
425 399 
242 158 
431 388 
136 068 
173 572 
221 893 


381 354 
298 662 


Nee NWwW AW DH | HU OVO 


7 586 701 
7 200 134 
7 230 130 
6 488 386 
6 485 183 
2 249 O41 
I 180 207 
I 175 360? 


36 CO-ORDINATES OF STATION MARKS AT THE PYRAMIDS, (Chap. v. 


— 


TABLE OF CO-ORDINATES OF MARKED STATIONS. 
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Place. \Letter’ From North. From East. 
N. end of South Trench _. : : _| ¢ | 3 051 826] 1 184 632 
S. end of __,, : v | 3 463 988 | 1 180 826 
W. end of E.N.E. @ | 2 678 581 881 168 
E. end of _s,, - 2 648 862 568 721 
S. end of Trial passages 2 $49 708 721 984 
N. end of ,, ‘ w | 2 350 481 718 038 


RESULTING CO-ORDINATES OF POINTS OF ANCIENT CONSTRUCTION. 
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Casing edge on N. side of 1st Pyramid 
E. 


casing of 3rd. Pyramid 
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395 877 


2 281 355 
I 401 430 
2 515 643 
3 185 923 
1 385 776 
I 421 276 
3 20§ 195 
3 169 668 
2 295 478 
4 089 656 
4 121 664 
§ 789 181 
5 756 193 
4 939 173 
6 437 758 
6 457 924 
7 275 727 
7 255 560? 
6 856 742 
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CHAPTER VI. 


OUTSIDE OF GREAT PYRAMID. 


20. THE materials available for a discussion of the original size of the base 
of the Great Pyramid are :—(1) the casing 2” sifu upon the pavement, in the 
middle of each face; (2) the rock-cut sockets at each corner; (3) the levels of 
the pavement and sockets; and (4) the mean planes of the present core 
masonry. 

Since the time of the first discovery of some of the sockets in 1801, it has 
always been supposed that they defined the original extent of the Pyramid, and 
various observers have measured from corner to corner of them, and thereby 
obtained a dimension which was—without further inquiry—put down as the 
length of the base of the Pyramid. But, inasmuch as the sockets are on different 
levels, it was assumed that the faces of the stones placed in them rose up 
vertically from the edge of the bottom, until they reached the pavement (what- 
ever level that might be) from which the sloping face started upwards. Hence 
it was concluded that the distances of the socket corners were equal to the 
lengths of the Pyramid sides upon the pavement. 

Therefore, when reducing my obervations, after the first winter, I found that 
the casing on the North side (the only site of it then known) lay about 30 inches 
inside the line joining the sockets, I searched again and again for any flaw in 
the calculations. But there were certain check measures, beside the regular 
checked triangulation, which agreed in the same story; another clue, however, 
explained it, as we shall see. 

The form of the present rough core masonry of the Pyramid is capable of 
being very closely estimated. By looking across a face of the Pyramid, either 
up an edge, across the middle of the face, or even along near the base, the mean 
optical plane which would touch the most prominent points of all the stones, 
may be found with an average variation at different times of only to inch. I 
therefore carefully fixed, by nine observations at each corner of each face, 
where the mean plane of each face would fall on the socket floors ; using 
a straight rod as a guide to the eye in estimating. On reducing these obser- 
vations to give the mean form of the core planes at the pavement level, it 
came out thus :— 
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21. Having, then, four lines passing through the middles of the sides, what 
is to define the junctions of those lines at the corners? Or, in other words, 
what defines their azimuth? Was each side made equidistant (1) from its 
socket’s sides ? or, (2) from the core side at each of its ends? Or was a corner 
made equidistant (3) from the sides of its socket corner? or, (4) from the sides 
of its core corner? The core may be put out of the question ; for if the sides 
followed it exactly in any way, they would run outside of the sockets in some 
parts. Which, then, is most likely: that the sockets were placed with an equal 
amount of margin allowed on the two ends of one side, or with an equal margin 
allowed at both sides of one corner? The latter, certainly, is most likely ; it 
would be too strange to allow, say, 6 inches margin on one side of a socket, and 
only 2 inches on its adjacent side. It seems, then, that we are shut up to the 
idea that the socket corners lie in the diagonals of the Pyramid casing. 

But there is another test of this arrangement, which it ought to satisfy. 
Given four diagonals, as defined by the socket corners; and given four points 
near the middles of the sides of the Pyramid, as defined by the existing casing : if 
we start from one diagonal, say N.E.; draw a line through the E. casing to 
S.E. diagonal ; from that through the S. casing, to the S.W. diagonal ; and so 
on, round to the N.E. diagonal again ; there is no necessity that the line should 
on its return fall on the same point as that from which we started : it might as 
easily, apart from special design, fall by chance anywhere else. The chances 
are greatly against its exactly completing its circuit thus, unless it was so 
planned before by the diagonals of the socket corners being identical with those 
of the square of the casing. 

On applying this test to the diagonals of the sockets, we find that the 
circuit unites, on being carried round through these points, to within ‘! inch ; 
far closer, in fact, than the diagonals of the sockets and the line of the casing 
can be estimated. 

This is, then, a conclusive test ; and we only need to compute a square that 
shall pass through the points of the casing found on each side, and having also 
its corners lying on the diagonals of the sockets. 

This square, of the original base of the Great Pyramid casing on the 
platform, is of these dimensions :— 


Difference Azimuth. Difference 


from Mean. from Mean. 
N. . + 6 — 3 20" +23" 
E. . -I'l - 3°57" — 14, 
S. ° + 7 _ Ky 41" + 2, 
W.. - ‘2 - 354° -1I 
Mean ‘65 | — 3°43" | 12” 
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levellings at the S.E. (which was taken second in the series each time, and hence 
is checked by othe thers), I conclude that Inglis is there in error by a couple of 
inches ; and his other work, in measuring the steps, contains much larger 
errors than this. 

The relations, then, of the core masonry, the base of the casing on the pave- 
ment, the edge of the casing in the sockets, and the socket edges, are shown in 
Pl. x., to a scale of #s. The position of the station marks is also entered. The 
inclinations of the various sides of sockets and casing are stated ; and it is 
noticeable that the core masonry has a twist in the same direction on each side, 
showing that the orientation of the Pyramid was slightly altered between fixing 
the sockets and the core. The mean skew of the core to the base is 1’ 33”, and 
its mean azimuth — 5’ 16” to true North. The diagram also shows graphically how 
much deformed is the square of the socket lines ; and how the highest socket 
(S.W.) is nearest to the centre of the Pyramid ; and the lowest socket (S.E.) is 
furthest out from the centre of the socket diagonals, and also from the mean 
planes of the core. 

23. For ascertaining the height of the Pyramid, we have accurate levels of 
the courses up the N.E. and S.W. corners; and also hand measurements up all 
four corners. The levels were all read to rts inch, to avoid cumulative errors ; 
but in stating them in PI. viii, I have not entered more than tenths of an inch, 
having due regard to the irregularities of the surfaces.* The discrepancy of ‘2 
inch in the chain of levels (carried from the N.E. to S.E., to S.W., on the ground, 
thence to the top, across top, and down to N.E. again), I have put all together 
at the junction of levelling at the 2nd course of the S.W., as I considered that 
the least certain point. It may very likely, however, be distributed throughout 
the whole chain, as it only amounts to 1°8” on the whole run. 

These levels, though important for the heights of particular courses, have 
scarcely any bearing on the question of the total height of the original peak of 
the casing of the pyramid ; because we have no certain knowledge of the thick- 
ness of the casing on the upper parts. 

The zero of levels that I have adopted, is a considerable flat-dressed surface 
of rock at the N.E. corner, which is evidently intended to be at the level of the 
pavement; it has the advantage of being always accessible, and almost in- 
destructible. From this the levels around the Pyramid stand thus :— 


N.E. E.  S.E. S. S.W. W. W.N.W. N.W. N. 
2nd Course +107°7. ... +105.5 ... $III'2.... we =6+1066+107°4 
Ist ,, + 586 ...... wo + 576 ... .. + 580+ 589 
Levelled Oo EN.E. as = sas sas as 

rock - ‘I§N.N.E. : see i ie sas ies a 
Pavement ~-6? ...0 —-55? «6 PE? —1'2?~ ... +: 
Socket - 285 .. - 399 ... -— 230 ... we = 32°8 


* Owing to mistaking (in a photograph) the rock bed of the pavement for the pavement 
G 
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details.) From all these considerations the above weighting was adopted. It 
is clear that the South face should not be included with the North, in taking 
the mean, as we have no guarantee that the Pyramid was equiangular, and 
vertical in its axis. 

25. The staff which was set up by the Transit of Venus party in 1874 
on the top of the Pyramid, was included in my triangulation ; and its place is 
known-within + }inch. From this staff, the distances to the mean planes of 
the core masonry of the Pyramid sides, were determined by sighting over their 
prominent edges, just as the positions of the mean planes were fixed at the 
lower corners of the faces. Hence we know the relation of the present top of 
the core masonry to the base of the Pyramid. The top is, rather strangely, not 
square, although it is so near to the original apex. This was verified carefully 
by an entire measurement as follows :— 


Mean of four Mean of three 
readings, 1881. | readings, 1882. Mean of ail. 


N.side . | 2260+ ‘5 | 2237 +°'2]/ 2245 +°7 

Centre of Pyramid base|E. side . | 214°4 "4 | 213°8 "6 | 214'1 "3 
horizontally to the]S. side . | 215°0 ‘6 | 2150 4] 215°0 "4 
W. side . | 2164 "5 | 218°7 ‘5 | 2176 ~~ 1.0 


Now, at the level of these measurements, 5407’9 at N.E., or 5409'2 at S.W,, 
above the base, the edges of the casing (by the angles of the N. and S. side 
found above) will be 285°3 + 2:7 on the North, and 301°6 on the South side, 
from the vertical axis of the centre. Thus there would remain for the casing 
thickness 60°8 + 3 on the N., and 86°6 on the S.; with 77°6 for the mean of E. 
and W. Or, if the angle on the S. side were the same as on the N., the casing 
thickness would be 69°2 on the S._ This, therefore, seems to make it more likely 
that the South side had about the same angle as the North. 

On the whole, we probably cannot do better than take 51° 52’ +2’ as the 
nearest approximation to the mean angle of the Pyramid, allowing some weight 
to the South side. 

The mean base being 9068°8 + ‘5 inches, this yields a height of 57760 + 7:0 
inches. 

26. With regard to the casing, at the top it must—by the above data— 
average about 71 + 5 inches in thickness from the back to the top edge of each 
stone. Now the remaining casing stones on the N. base are of an unusual 
height, and therefore we may expect that their thickness on the top would be 
rather less, and on the bottom rather more, than the mean of all. Their top 
thickness averages 62 + 8 (the bottom being 108 +8), and it thus agrees very 
fairly with 71+ 5 inches. At the corners, however, the casing was thinner, 
averaging but 33°7 (difference of core plane and casing on pavement) ; and this 
is explained by the faces of the core masonry being very distinctly hollowed. 
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The limestone pavement was found on the N. side first by Howard Vyse, 
having a maximum remaining width of 402 inches ; but the edge of this part is 
broken and irregular, and there is mortar on the rock beyond it, showing that 
it has extended further. On examination I found the edge of the rock-cut bed 
in which it was laid, and was able to trace it in many parts. At no part has 
the paving been found complete up to the edge of its bed or socket, and it 
is not certain, therefore, how closely it fitted into it; perhaps there was a 
margin, as around the casing stones in the corner sockets. The distances of 
the edge of this rock-cut bed, from the edge of the finished casing on the 
pavement (square of 9068°8) were fixed by triangulation as follows :-— 

. N.N.W. 6169 near the corner ; corner itself not found, nor any W.N.W. 
side. 
615°9 at 570 E. of probable N.W. corner of pavement. 
618°7 at 670 a 7 . Y 
6162 at 890 ” ” ” ” 


to 568 
§29°0 at N.E. corner, N. side of it. 


aa 


E.N.E. 5388 ,, 4 » E. side of it. 
5339 at 586 from N.E. corner. 


N. side { 504 very rough and irregular, opposite entrance. 


No cutting found at S.E. corner. 
536°5 at 846 from S.W. corner. 


533°0 at 520 ” » 
534°6 at 206 
S.S.W. 5296 at S.W. corner, S. side of it. 


W.S.W. 5360 , 4, W. side of it. 
627°9 at 751 from S.W. corner. 

From these measures it appears that there is no regularity in the width of the 
cutting ; the distance from the casing varying 99 inches, and altering rapidly 
even on a single side. The fine paving may possibly have been regular, with a 
filling of rougher stone beyond it in parts; but if so, it cannot have exceeded 
529 in width. 

The levels of the various works around the Pyramid are as follow, taken 
from the pavement as zero :— 


Flat rock-bed of pavement W. of N.W. socket = 237 
, ” : beside N.W. ,,_ ... — 216 

” ” ” N. of N.W. * _— 17'°O 

» ” » N.E. of N.W. ” — 159 

”» ” +9 before entrance... — 27°! 

‘: inner end of E.N.E. trench — 269 

Basalt pavement, E. side of it : + 2°0 
a eo W. side, in excavation ve a + 2°0 
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Hence the plan of the basalt pavement seems to be two adjacent squares of 
about 1,060 inches in the side; the N. trench axis being the boundary of 
them, and there being a similar distance between that and the Pyramid. 
The outer side of the paving was laid off tolerably parallel to the Pyramid 
base ; but the angles are bad, running 15 inches skew.* 

29. Next, referring to the rock-hewn trenches alone, the dimensions of 
the three deep ones are as follow :— 

NORTH TO SOUTH. 

N. trench, outer end, to central line : ° 


; ‘ : » 35102 
» » axial length : : ‘ . : ‘ ; . 2130°2 
» 5 inner end, to central line. : : : . ; : . 1380°0 

S. trench, m ‘ : : ; . . 1390°7 
»  » axial length : : ; . : ; : . 2093°7 
» 5) outer end, to central line” . : ; - 34304 

E.N.E. trench, outer end of axis N. of central line . ‘ : . 8483 

a » axis cuts N. trench axis N. of central line : ; 68'5 
EAST TO WEST. 

N. trench axis, outer end to base. : : . 1085°5 
»” ” »” inner »” 9) ° ° - 10806 

S. trench axis, inner end to base. ' ; ; . 11254 
»” 99 ” outer _,, : ' ; ‘ » %II122'9 
ae » EK. of N. trench axis, at centre. , ; 49°7 

E.N.E. trench, outer end of axis to base , , . . 42132 

53 » axial length from N. trench axis. . 32311 

- s m » from actual bed of basalt : s . 21126 

a . ‘ » from straight edge . : ; . 21247 
The slighter trenches are three in number :— 
NORTH TO SOUTH. 

N.N.E. trench axis cuts N. trench axis N. of central line : . 160 

Trench by N.E. socket, end of axis from N. side of casing . ; - 64373 

55 ‘ on the axis, from N. side of casing . : . 16308 

Trench by trial passages, ends of axis N. of central line ; : ty 

EAST TO WEST. 

N.N.E. trench, axis cuts pavement, from N.E. corner. ‘ . 647°2 

Trench by N.E. socket, end of axis from E. side of casing. . - 203'2 

ss x on the axis, from E. side of casing . ; » 434°! 

Trench by trial passages, ends of axis E. of Pyramid base. ; ie 


* The broken blocks of basalt, which border a track down the hill side E. of the 
Pyramid, are almost certainly from this pavement; they are of exactly the same stone, and 
have many worked faces remaining like those of the pavement. Their placing is quite 
rude, and looks as if done by some barbarian destroyers. 
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N. trench, and the W. of the S. trench, where the built stones occur. There 
is a short sort of trench, on the E. side of the S. trench (not in plan); it is 
about 25 wide, 70 long, and 50 deep, with a rounded bottom; the length 
E. and W. 

The E.N.E. trench is very different to the others; it has a broad ledge 
at the outer end, and this ledge runs along the sides of the trench, dipping 
downwards until it reaches the bottom towards the inner end: the bottom 
sloping upwards to the surface at the inner end. There are stones let into 
this ledge, and .mortared in place, and marks of many other stones with 
mortared beds, all intended apparently to make good the ledge as a smooth 
bed for some construction to lie upon. The bottom of this trench I traced 
all over, by excavations across and along it; looking from the outer end, there 
first came two ledges—the lower one merely a remainder of uncut rock, with 
grooves left for quarrying it—then the bottotn was found about 200 inches below 
ground level; from this it sloped down at about 20° for about 200 inches ; then 
ran flat for 300 or 400; and then sloped up for 300 or 400; then rose vertically, 
for some way; and then, from about 120 below ground level, it went up a 
uniform slope to near the surface, where it was lost at the inner end under 
high heaps of chips. At the outer end the width near the top is 152°8, and 
at 25 down 1482; the lower space between the sides of the ledge widens 
rapidly to the middle, from the end where it is 43:0 wide above and 35:a 
below. Towards the inner end the rock is very well cut; it has a row of 
very rough holes, about 6 diam., in the dressed rock along the N. edge of 
the trench, near the inner end. This dressed side of the trench ends sharply, 
turning to N. at 1603°6 from outer end of the trench axis; the width here 
is 170°1, or 172°3 at a small step back in S. side, a little E. of this point. The 
trench had not been clear for a long time, as many rudely-buried common 
mummies were cut through in clearing it; they were lying only just beneath 
the sand and rubbish in the bottom. 

The N.N.E. trench was traced by excavations along the whole length of 
2,840 inches, up to where it is covered by the enclosure wall of the kiosk. It 
is fairly straight, varying from the mean axis 2°1, on an average of five points 
fixed along it. The depth varies from 14 to 20 inches below the gencral 
surface. It is 38, 40, 39°2, and 36 in width, from the outer end up to a 
point 740 along it from the basalt pavement; here it contracts roughly and 
irregularly, and reaches a narrow part 18:2 wide at 644 from the pavement. 
The sides are built about here, and deeply covered with broken stones. Hence 
it runs on, till, close to the edge of the basalt pavement, it branches in two, and 
narrows yet more; one line runs W., and another turning nearly due S., 
emerges on the pavement edge at 6298 to 6334 from the N.E. corner of 
the pavement, being there only 3°6 wide. From this remarkable forking, it 

II 
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found the square mouth on the surface. The whole of these passages are very 
smoothly and truly cut, the mean differences in the dimensions being but little 
more than in the finely finished Pyramid masonry. The part similar to the 
gallery is the worst executed part ; and in no place are the corners worked quite 
sharp, generally being left with radius about ‘15. The N. end is cut in steps for 
fitting masonry on to it; and I was told that it was as recently as 1877 that the 
built part of it was broken away by Arabs, and it appeared to have been 
recently disturbed ; in Vyse’s section, however, the roof is of the present length, 
so the removal must have been from the floor. By theodolite observations the 
plane of the passage is straight and vertical within 5’ or less. 

31. Having thus finished the statement of the outside of the Pyramid and 
the works surrounding it, the next subject is the connection of the outside and 
inside of the building. 

To determine the exact place of the passages and chambers in relation to 
the whole Pyramid, a station of the triangulation was fixed in a hollow just on 
the end of the entrance passage floor ; and this was thoroughly connected with 
three main stations. Levelling was also carried up from the casing and pavc- 
ment below, to this station, and to the courses near it. Thus the inside, as far as 
Mamun’s Hole, is completely connected with the outside; and in the ascending 
passages beyond that, there is only 2’ of azimuth in doubt. 

32. The original length of the entrance passage has not hitherto been 
known, except by a rough allowance for the lost casing. But after seeing the 
entrances of the Third Pyramid, the South Pyramid of Dahshur, and the 
Pyramid of Medum, all of which retain their casing, there seemed scarcely a 
question but that the rule was for the doorway of a Pyramid to occupy the 
height of exactly one or two courses on the outside. That the casing courses 
were on the same levels as the present core courses, is not to be doubted, as they 
are so in the other Pyramids which retain their casing, and at the foot of the 
Great Pyramid.* The next step is to see if there is a course equal to the 
vertical height of the doorway ; and, if so, where such a course occurs. Now 
the vertical height of the doorway on the sloping face of the Pyramid (or 
difference of level of its top and base) would be 37°95 if the passage mouth was 
the same height as the present end, or 37°78 if the passage was exactly the same 
as the very carefully wrought courses of the King’s Chamber, with which it is 


* The awkward restoration of the casing that Prof. Smyth adopted (Life and Work, iii., Pl. 3) was 
forced on him by his mistaken assumption of the pavement level 20 inches under the truth (L. and W. ii. 137); 
hence by Vyse’s casing stone measures he made the casing break joint with the core, in defiance of Vyse’s 
explicit drawing of its position; and was obliged to reduce the pavement to § or 10 inches, in place of the 
2t inches recorded by Vyse. The drawing of ‘‘ backing stones,” at the foot of Pl. 1., vol. iii., L. and W., 
is equally at fault; the casing stones which remain in the middle of the side, ending directly against the 
core masonry ; and the core at the corners only leaving 34 inches for the casing thickness. No backing 
stones exist behind the casing of the Third Pyramid or the cased Dahshur Pyramid. 
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tion have come out in any but the 103rd course on the face, and the S. channel 
in any but the ro4th), they would show that the casing rose on the N. face at 
51° 51’ 30”, and on the S. face at 51° 57’ 30’, as before stated. The various data 
are entered on the diagram of the channel mouths. The levels were fixed by 
measuring several courses above and below the present mouths, and thus 
connecting them to the course levelling at the corners of the Pyramid. With 
regard to the main part of these air channels, the details are given further on 
in the measures of the King’s Chamber (section 56) ; and itis disappointing that 
they vary so much in azimuth and altitude, that they are useless for connecting 
the measures of the inside and outside of the Pyramid. 

34. The sloping blocks over the entrance to the Pyramid, and the space 
below them, were examined (partly by means of a ladder), and measured ; but 
the details are not worth producing here, as the work of them is so rough. The 
large blocks are as follows, in general size :— 


E. upper. W. upper. E. lower. W. lower. 

Length on top ; ; [185] [194] ISI +x 167°7 
Length below je. . 8 1174 12! 84+ 1076 
Breadth : . 800 to gf 88°3 82°6 81°6 
Height of mid-line . : [114] Qg! 
Lean of face . . 20 to 2° in 2° 20' tn 20 to 30’ out 25' to 30 in 
Angle ontop . 35° 40’ to 39° 50° ~=mean 40° ~—s_- 338° 45’ to 50 39° 30’ 

» on base. - 38° 45’ to 50 39° 30° «=. 39°. 20’ to 50’ _ 39° 30 to 55’ 

» on butment 49° 50’ to 50° 10 507 40’ hidden 50° 30’ 


The measures in brackets are deduced from the angles and other measures. 
These blocks are much like a slice of the side of a casing stone in their angle ; 
but their breadth and length are about half as large again as any of the casing 
stones. Their mean angle from 12 measures is 50° 28’+ 5’. The thickness of 
these blocks is only 33 inches, and there are no others exactly behind them, as I 
could see the horizontal joints of the stones running on behind them for some 
inches. On the faces of these blocks are many traces of the mortaring which 
joined to the sloping blocks next in front of them. These were placed some 
70 inches lower at the top, and were not so deep vertically. By the fragment 
left on the E. side, the faces of these blocks were vertical. In front of these 
came the third pair, similar, but leaning some 73° or 8° inwards on the face, 
judging by a remaining fragment. Probably a fourth and fifth pair were also 
placed here (see Pl. ix.); and the abutment of the fifth pair shows an angle of 
704° or 73° in place of 50°. The successive lowering of the tops, leaning the 
faces in, and flattening the angle of slope of the stones as they approach the 
outside, being apparently to prevent their coming too close to the casing. 
These sloping blocks were probably not all stripped away, as at present, until 
recently, as there is a graffito, dated 1476 (half destroyed by the mock-antique 
Prussian inscription) on the face of the remaining block where it is now 
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inaccessible, but just above where the next pair of blocks were placed. The 
sloping blocks are of remarkably soft fine-grained limestone, about the best 
that I have seen, much like that of the roofing of the chamber in Pepi’s 
Pyramid ; and it is peculiar for weathering very quickly to the brown tint, proper 
to the fine Mokattam |'mestone, darkening completely in about twenty years, to 
judge by the modern-dated graffiti. 
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CHAPTER VII. 


THE INSIDE OF THE GREAT PYRAMID. 


35. HAVING, then, fixed the original position of the doorway of the 
Pyramid, we may state that it was at 668°2 +‘1 above the pavement of the 
Pyramid ; 524°1 + °3 horizontally inside (or S. of) the N. edge of the Pyramid 
casing ; andits middle 287°0 + ‘8 E. of the centre* of the Pyramid ; or 37236 
from E. side, and 4297°6 from W. side, at its level; the probable error being 
that of fixing the length of the sides. Thus we have the following positions in 
the entrance passage, reducing all to the true beginning of the floor :— 


W. Wall| W. Wall: uw E. Wall 
W. Floor. Base. Top. W. Roof. | E. Roof. Top. 


Doorway, original . . .|0+°3 | 0+°3 
End of “basement sheet” | 124°2 


Station mark. . . . .|127°90 
I 178-75 
2 226°46 
ng I 27663 
£8 3 | 285:29 
o8 2 331°79 
uy) 2 4 | 340°56 
gee 2 34810 
2.8 5 406'04 
oe 3 41421 
6 465°46 
4 02 
Scored line os 48159 
5 5 16°26 
7 53167 
6 55166 
8 §84°15 
7 606°87 


* Whenever any point is described as E. of the centre of the Pyramid, it is uniformly 
meant that it is that amount E. of a vertical plane, parallel to the mean of the Pyramid’s E. and 
W. sides, and which passes through the centre of the Pyramid. Similarly of similar descriptions 
N., S., and W. 
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W. Wall | W. Wall! a, ' E. Wall 
W. Floor. Base. Top. W. Roof. | E. Roof. Top. 


65191 
| 68698 | | 

IO | 700°28 

It !73628 


_ , 
12 | 77639 | 
| 806'14 | 
13 | 827°16 
12 865° 32 
14 | 878-58 | 
13 891°79 
15 | 915'09 
14 926°69 
16 963°61 | 
5 967°14 | 


16 | 996'27 | 


I 
Floor Ascending Passage '1110°64| 
20 «2«.1127°71 


) 
ong 
g 
ong 
—_——— ese eee — 


13185 | 
| 
| Rock. 1 1347°5 
| | 13507 Rock. 
| Rock. | 
The above measures were taken by rods from 124°2 to 285°29 (the rods 
jointing together with butt ends), by steel tape from 276°63 to 1177714, and by 
rods from 1163°6 to the rock; all duly corrected for temperature. On com- 
paring them with Professor Smyth’s measures, it will be found that his measures 
make the passage length about an inch shorter on an average; this is fairly 
accounted for (1) by his being all piece-meal measures added togcther, (2) by 
the rude method of making scratches with a screw-driver to mark the lengths of 
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rod on the stone (L. and W. ii., 46), and (3) by there being “always a certain 
amount of risk as to the measuring rod slipping on the inclined floor” (L. and 
W. ii., 35). All these errors would make the reading of the length shorter than 
it should be ; and all were avoided by the use of a steel tape lying on the side 
of the floor. Nevertheless, I tested again, by rod measure, some of the points 
where the difference of Professor Smyth’s measures were greatest from the steel 
tape, and they come out thus :— 


Between Joints. By Steel Tape. | Again by Rods.|By Prof. Smyth. 
§to6on Floor .. . 59°42 59°45 59°2 
70n Wall to 8 on Floor 22°72 22°72 22'2 

14 . 15 ” 11°60 11°58 10'9 
4 », 16 ,y 36°92 36°93 37°6 
5 » 6  , 3°53 3°47 2°9 


These will practically show what errors may creep in, by not using a con- 
tinuous measure like a steel tape. The object of measuring the joints, as well 
as the total length, by steel tape, is sufficiently illustrated by this comparison. 

One source of error may arise from following the coarsely-scratched 
prolongations of the anciently drawn lines, and of the ascending passage floor 
and roof. These have been made by modern measurers ; and they were always 
rejected, and a more accurate method employed. 

The measures from the steel tape onwards, by rods, down to the end of the 
built passage, where it rests on the rock, are not of the same accuracy as the 
others; the broken parts of the passage sides, and the awkwardness of 
measuring over the large block of granite, without any flat surface even to hold 
the rods against, prevented my taking more care over a point where accuracy 
is probably not of importance. 

For the total length of the entrance passage, down to the subterranean 
rock-cut part, only a rough measurement by the 140-inch poles was made, 
owing to the encumbered condition of it. The poles were laid on the rubbish 
over the floor, and where any great difference of position was required, the ends 
were plumbed one over the other, and the result is probably only true within 
two or three inches. The points noted down the course of the passage, 
reckoning from the original entrance (z.e., the beginning of the rock on the E. 
side of the roof being 1350°7), are the fcllowing :— 


E. W. 
Beginning of inserted stones, filling a fissure . : . 1,569 1,555 
Joint in these stones. : ; . 1,595 None. 
End of these inserted stones. . 1,629 1,595 
Sides of passage much scaled, I or 2 inches off, beyond here 2,750 
3,086 3,066 
Fissure in rock to 3,116 | 3,096 
Mouth of passage to gallery . : P {to He G 


End of sloping roof (4,137 Vyse, corrected for ein » 4,143 
I 
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These offsets only being read to #5 inch (the -},ths merely resulting from com- 
putation) it is remarkable that the errors of the mid-line of the passage are so 
minute ; and it shows that in this particular we have not yet gone within the 
builder’s accuracy ; readings to ,1-th inch or to 1” on the longer distances, are 
now required. : 

The absolute position, then, of the middle of the S. end of the entrance 
passage floor will be, in level, 668°2—(4140 x sin. 26° 31' 23”) -—°8 difference of 
floor offsets, = —1181 + 1?; in distance from N. base of pyramid 524°1 + 
3704°3 = 4228 + 2? or 306 N. from mid-plane ; and in distance E. from the 
mid-plane 287:0—[sin. (3' 55” — 3’ 44") x 3704] —°4 difference of offsets =286'4 
& 10. 

37. The Subterranean chambers and passages are all cut roughly in the 
rock. The entrance passage has a flat end, square with its axis (within at least 
1°), and out of this end a smaller horizontal passage proceeds, leaving a margin 
of the flat end along the top and two sides. This margin is 4°5 wide at E., 3°2 
at W., and 54 to60 from E. to W. along the top. The dimensions and 
distances are as follow, from the S. end of the floor of the entrance passage (as 
deduced from the roof, which is better preserved) ; and the axial positions and 
levels are by theodolite observations :— 


End of E. P. 


| . Mid. Mi d 7 
° Width E. 
Distance from Distance Swe ie gore Height. Level above | Level below 
i floor. Pavement. 


Oo 306 N.|40°8 "4 W.|286°4 48°5 ) - 1181 floor 
te) 


2 32°9 1'0 W.|285'8| ... |Top-+ 38°3 |- 1143 roof 
Fissure ae 7OW. OIE) ... ‘be dae ‘ae “— aa eee 
In Passage ... 121 seu. (32°3 S2Al eae ees sas ove 
N. Door of Side Chamber 218 88 N.131°6 32°7 ‘0 ae ae 
S. ” 29! 15 N./31°9 33°O| ... | ose was wae eee 
N. Door of Large Cham 346° 40 S.132°0 33°3| “5 W.[286°3.35°5 36:0: Top+ 38°9 |- 1142 roof 


oy 366 s.[29°5 29°5|1°9 W.|284°9| 31+2t |Top- 66 |-1188 roof 
eee i °3 eee eve eee eee eee 


InS. Passage 7 29°6 27 

> » goo 26°7 26°7 26°3 26'0 oe 

~ 1040 «- §=|28°1 290 «- |28°6 27 

” 9» vee sae 1180 eee 30°1 30° eee eee |29°§ 29°3 eee coe 

» om» End. .. 1318 |1012 S|  26:09'7Ww.l277"1| ....  [Top- 2°6 |-1184 roof 
Large chamber, E. wall 325°9 ; st 100 from W. wall 329°62; N. wall 553°5; S. wall ssq'r __... Top-+125°34| - 1056 roof 
Side chamber W. wall 693 to 70}; N. wall 70°3; S. wall 72°3 Se { men 48 ~ 1137 roof 


The large chamber walls are therefore distant from the Pyramid central 
axis, 302'9 E, at N. wall; 299°6 E. at S. wall ; 250°6 W. at N. wall; 2545 W. at 
S. wall; 40 S. and 366 S. The central axis thus not passing through the 
chamber, but 40 inches inside the rock of the N. side. 

* E. side of door-sill is at 351, and W. side 347, the wall not being fully dressed down there. 

t This doorway rounds off at the top, rising 14 inches in the 10 inches. 


t The top is + 124°3 at N. doorway, 1254 to 127°6 at S. doorway ; the roof being cut away 
higher, just in the corner. 
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to excavate farther at the bottom. The southern passage is very rough, 
apparently merely a first drift-way, only just large enough to work in, intended 
to be afterwards enlarged, and smoothed; its sides wind 6 or 8 inches in 
and out. 

38. The Ascending passage from the entrance passage is somewhat 
troublesome to measure, owing to the large plugs of granite that fill some 15 
feet of its lower part ; and also to the irregular way in which much of its floor 
is broken up. 

For connecting it with the entrance passage, we must first settle the most 
probable value of its angle, in order to carry on the projection of its floor ; and 
to complete it over the plugging and breakage, which prevent direct measure- 
ment. The angle of the whole passage will be discussed further on; it will 
suffice to say here that the mean angle is 26° 2’ 30”; and there is therefore a 
presumption that the plugged part is about the same angle, and not the 264° of 
the entrance passage. This is confirmed by direct plumb-line measure of the 
angle of the plug-blocks at their lower end, giving 26° 7’ (4+ 2'?); and noting 
that the end is square with the portion of passage beyond it to within 5’. Also 
the actual angle of the plug-blocks may be computed from Prof. Smyth’s sloping 
measures, combined with my levelling between the floors of the passages, and 
plumbing up to the lower end of the plugs.* This gives 26° 12}’ for the angle of 
the lower 300 inches of the passage ; and 5’ of variation would require a differ- 
ence of °4 inch vertical on ‘9 sloping. Hence the other data confirm this so 
far, that it had better be adopted as the angle through the plugged part; 
until some one shall improve on Prof. Smyth’s sloping measure, or on my 
levelling. 

The junction of the passages was not projected over the broken part un- 
certainly, as had been done before ; but a plumb-line was hung from the W. side 
of the Ascending passage roof, in front of the plug-blocks ; and measures verti- 
cal, perpendicular, and sloping, were taken to the plugs, the fragments of the 
ascending, and the top and bottom of the entrance passage. Thus the whole 
was knit together to a true vertical line, the place of which was fixed on the 
entrance floor. From the mean of these measures, and 26° 124’ as the ascending 
angle, with 26° 21’ as the descending angle at that spot (by Prof. Smyth), the 
Ascending passage roof starts vertically over 1110°90 on the sloping floor of the 


* The elements in question are (1) Prof. Smyth’s plumb-line 48°5 on slope below his zero in 
Ascending passage ; and (2) 180°5 on slope of entrance passage, below beginning of Ascending 
roof. (3) My level in A.P., 71°3 on slope above C.P.S.’s zero in A.P. (4) My level in E.P. 
10150 on slope below C.P.S.’s E.P, zero. (5) Difference of my A.P. and E.P. level marks 
156°2 vertically. (6) My plumb-line on E.P. floor 1027°3 on slope below C.P.S.’s E.P. zero. 
(7) Height on my plumb to floor of A.P. 37‘0. (8) height of plug-blocks 47°3, and angle of end 
26° 7’. (9) Angle of E.P. at junction 26° 21’. From these measures we get 1251 tan. 9 
+142°9 sin, 9=124'°7; .. 0 = 26° 124', 
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entrance, reckoning from the casing face ; and the floor cuts the entrance floor 
at 1110°64 from the same, both probably +:1. 

Further, the lower end of the plug-block is 74°19 from the intersection of 
the floors ; and the upper end 50°76 from the intersection of the roofs. Having 
thus fixed the beginning of the Ascending passage, by the point where its floor 
produced onwards intersects the floor of the entrance passage, we can proceed 
up the Ascending passage from this as a starting point. The distance past the 
plug-blocks being determined as above described, and that from the plug-blocks 
to the S. end of the passage, by steel tape measure on the E. side of the floor ; 
then, the tape being corrected for temperature and tension, the results are thus, 
on the sloping floor :— 


Floor, E. side. ‘Base of E. wall. 
Junction of passage floors O re) 
Beginning of actual floor . 598 
Base of plug-blocks 742 
Top of plug-blocks, present 252°7 
z ‘ » ancient 277? 
Joint numbers, 
Smyth's. Dixon's. 
I 27 298°2 2982 
(Petrie’s levelling mark 324'0) se 
2 26 about 3336 3336 
° 25 sine 3749 
6 23 496°6 496'6 
7 22 552°3 552°3 
ei 2! sees 593°3 
8 ae 604°4 we 
20 bie 637°9 
s4s 19 iva 690°3 
10 18 7161 716°! 
iI 17 7490 748°9 
12 ‘ote 799'1 ee 
— 16 ah 81271 
oe 14 ve 848°! 
13 sen 854°2 ae 
15 13 922: 922'2 
16 12 955° 955°3 
ite 1! _ 1006'9 
17 ae 1008°0 see 
cue 10 ose 1044'9 
19 sae 1080°3 iat 
oe 9 a 10950 
20 8 11300 11299 
21 7 1161°5 11615 
22 wae 1202°4 ie 
ae 6 Sees 1214°2 
23 cus 12554 oe 
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Joint numbers, 


Smyth’s. Dixon’s. Floor, E, side. Base of E. wall. 
ae 5 aa 1273'2 
25 4 1337°9 13379 
26 me 1368°6 ae 
ahh 3 oe 1377°7 
27 es 1427°1 av 
28 ses 1488°7 shes 
ee 2 beh 1515°5 
Gallery, plumb from wall over door  1546°5 a 
29 Floor joint 15468 
Wall joint 
And edge over —, 1547°0 


On comparing these measures with Prof. Smyth’s, it will be seen that he 
makes the passage about 3 inches shorter; and that this difference mainly 
occurs in the lower part, where the floor is much broken. Several lengths were 
therefore measured as tests, just as in the entrance passage, and the results are :— 


Ist measure 2nd measure Prof. Smyth, 
by tape. by tape. by one rod. 
Mark (1) to mark (2) 500 50°! 
Mark (1) to 22 (Dixon) 563 563 
22 Dixon to 21 Dixon 40'9 . 410 
21 Dixon to 8 Smyth 499 52 : ied 49°7 
8 Smyth to 20 Dixon 33°3 33°5 
20 Dixon to mark (3) 8°3 8°2 
by rods. 

11 Smyth to 12 Smyth = 50°! 50°2 50'2 
12 Smyth to 16 Dixon 130 133 
16 Dixon to 14 Dixon seo bss 301 ks I 55°3 
14 Dixon to 13 Smyth 6 5°7 
13 Smyth to 15 Smyth 68:2 68°4 67°7 


The close agreement of these two series of measures, particularly in those 
parts twice measured by tape, will show (as in the entrance passage) that the 
error is certainly in the rod measures, and due to the same causes as the error 
in the entrance passage, z¢., slipping, irregular placing on broken floor, and the 
marking off of each length. 

The result therefore is that from the intersections of entrance and ascending 
passage floors, to the floor joint at the E. side of the grand gallery doorway, 
is 1546°8 on the slope.* 

The granite plugs are kept back from slipping down by the narrowing of 
the lower end of the passage, to which contraction they fit. Thus at the lower, 
or N. end, the plug is but 38:2 wide in place of 41°6 at the upper end: the 
height, however, is unaltered, being at lower end 47°30 E., 47°15 mid, 47°26 W. ; 
and at upper, or S. end 47°3. In the trial passages the breadth is contracted 


* On the W. side this joint is 1:2 N. of the side joint of doorway. 
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ing passage, and to signal at top of gallery, and then (knowing the distances of 
these signals) calculate the angle of slope from signal to signal. This, when 
corrected for lower signal being °3 too high, gives 26° 12’ 50” for mean angle of 
both passage and gallery together. Hence, from my offsets to the places of 
these signals, the absolute angle, and the variations from it, can be obtained for 
either part independently. Thus we have the form and direction of the ascending 
passage, reckoning from the beginning of its floor on the entrance passage floor, 
with its variations, as follows :— 


From From —4' + 3’ azimuth. From 26° 2’ 30” altitude. 
beginning W. mid, E. roof. mid. _E. floor. 
69 one is sek 23°1 —°5 24°! 
260 20'8 fe) 20°7 23°6 O 236 
§20 sie ea 21°6 aa fe 23°5 
650 _ ve 20°9 a — 22°4 
700 hae ae 20°7 i — ae 
840 se whe 21°4 “ ak 23°3 
1,045 ami ios 21°3 Ses sas 237 
1,220 oe ne 21°9 ous bog 24'1 
1,365 ae Sa 21°2 aoe se 23°9 
1,540 21'0 O 21°I 239 +"I 236 


The surfaces are so much decayed and exfoliated, that it is only just at the 
ends that two original faces can be found opposite to one another; hence the 
width and height cannot be measured, and the offsets can only be stated to one 
surface. 

From this altitude, the sloping length of the passage being 1546°8, the 
horizontal length will be 1389'5, and the vertical height 679°7, both being 
corrected for difference in the offsets of the ends. The determination of the 
azimuth has, unhappily, a large probable error, + 3’ (owing to bad foundation for 
the theodolite in Mamun’s Hole); and its direction, — 4’, is so close to that of 
the Pyramid side, that it may be assumed parallel to that + 3’. This, on the 
passage length, =1°2 inches for the probable error of the place of the upper end 
of the passage, in E. to W. direction in the Pyramid. 

These, added to previous amounts, give for the absolute place of the floor 
end at the latitude of the E. wall of the gallery (172°9 +679°7)=85262+:3. level 
above pavement; (1517°3-+1389'5)=2907°3+-'6 horizontally from N. edge of 
Pyramid, or 1626°8--’8 northwards from centre; and 287+1°5 for middle of 
passage eastward from centre of Pyramid. 

40. The horizontal passage leading to the Queen’s Chamber is the next 
part to be considered. This was measured with steel tape all along, and the 
levels of it taken with theodolite. The results for its length and levels are 
thus, reckoning from the mean door of the gallery at 15468 from beginning of 
ascending passage :— 


K 
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From below Apex, E. Wall. || From below Apex, W. Wall. Below Ridge of Roof. 
Above 
Floor. || To N. ToS. || To S. To N. W. 

Wall. | (Se) | wail, || wail. | (Se) | Wall. || Wall | ‘  |E- Wall. 


102°92| 205°68 | 102°76]| 102°67| 206°02 | 103° 226° 
of all 9 5 7 7 s35) us 


205°67 |— 17 || —14 | broken] ... || —'24 | 22612] —II 
20560 | —'14 sisi iss ae 8 sis Pr 
205'72 | —‘06 || —"16 | 206°15 | +°29 O | 22637 | —‘IO 
205'79 | +09 ||... - sai oe 
205°63 | +°27 es are vee || $27 | 22691 | +°17 
ie ‘ei +°37 | 20629 | — ‘06 hie ae ae 
es sins as +45 | 22747 | +°55 


For example, to take the first entries, at 180 inches over the floor, on the 
E. wall, the N. wall is (102°92 +°16) = 10308 from a vertical line below the 
apex of the roof; and the S. wall is (102°76—°17) = 102°59 from the same apex 
line : the sum of these quantities, or the total width, being 205°67. Thus the 
mean distances of the N. and S. walls from the apex on the E. and W. walls is 
given at the top of each column; and beneath that the small variations from 
those mean vertical wall faces. In the last division are given the distances of 
the E. and W. walls apart, below their apices ; both the mean dimension, the 
variations from it, and the total at each point. It will be observed that the E. 
and W. walls have both a uniform tilt inwards; if we allow 14’ for this as 
an average, the mean from a straight line inclined that amount is ‘057 on E. 
and 025 on W.; a remarkably small amount of error, comparable to the 
extremely fine work and close joints of the stones themselves. Also the ridge 
of the roof is not exactly over the middle of the chamber at either end. Beside 
the above resulting length of the middle of the chamber on the floor, separate 
measures were taken on the two walls; these give N. 227°41, middle (from 
above) 227°47, S. 227°61 ; mean of all 227°50 for floor length. 

42. In the matter of height, the courses vary a good deal ; and far more 
care was spent on the closeness, than on the regularity of the joints. Fora 
starting point in measurement, the general floor is hopelessly irregular, consisting 
plainly of rough core masonry ; and furthermore, it has been built over with 
similar rough masonry, which was afterwards stripped down to insert the chamber 
walls. This is proved by there being no fewer than eight edges of sunken spaces 
upon it, made (according to the universal habit of pyramid builders) to let in 
the inequalities of the upper course into the surface of the course below it. 
These sunken edges are well seen in other parts of the core masonry, and their 
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chamber. And 0 is the fine stone footing of the walls, which is about the level 
of the variable and rough floor of the chamber. It must be remembered that 
the above figures only give differences from a mean scale, and do not profess 
to be levels ; the columns, in fact, being only rigidly connected at the two sides 
of any one corner, which hence have no dividing line between them in the table. 
Assuming, however, that the above series of heights of E. and W. walls are 
pretty closely adjusted to the heights in the corners next to each, we have 
for the sloping roof block, the following figures, calculating from the above 


quantities :— 
E. end, N. side. W. end, N. side. E. end, S. side. |W. end, S. side. 


Sloping length —_120°00 119°96 LIQ‘'I2 118°59 
Angle 30° 48° 30°14’ 30°33’ 30°10 
These roof blocks are seen—where Howard Vyse excavated beneath one at the 
N.W. corner—to go back 121°6 on slope, behind the wall face; this, coupled 
with the thickness of these blocks (which is certain, by similar examples 
elsewhere, to be considerable) throws the centre of gravity of each of the slabs 
well behind the wall face,* so that they could be placed in position without 
pressing one on another. Hence there is never any arch thrust so long as the 
blocks are intact ; they act solely as cantilevers, with the capability of yielding 

arched support in case they should be broken. 

The projection on the western side of the doorway, mentioned by Professor 
Smyth, is really a surplus left on both sides of the corner ; in order to protect 
the stone in transit and in course of building. This undressed part in the 
chamber, is cut away down to the true surface at the top and at the middle 
joint, in order to show the workman exactly to where it needed to be dressed in 
finishing it off. The excess in the chamber begins 1°3 below joint at top of 
doorway, and thence projects 1°4, with a width of 5°5; it is dressed away for 
1°05 at the middle joint, and then continues sloping away rather thinner down 
to the floor. The projection into the passage is I°5 maximum at base, 
usually °8 ; and it is 5°5 maximum width, or usually 4°5. 

43. The niche in the eastern wall of this chamber, from its supposed 
connection with a standard of measure, was very closely examined. Its original 
depth back was certainly only 41 inches at every part from the bottom upwards. 
The surface that might be supposed to belong to the side of a deeper part, is only 
that of a joint of masonry, one stone of which has been broken up and removed ; 
this is evident as there is mortar sticking to it, and as it is pick-dressed, quite 
different to the fine surfaces of the niche sides ; beside this, it is not flush with 
the side, or any of the overlappings of the niche ; and moreover, all down the 
niche sides are the traces of the edge of the back, at 41 from the front, where 
it has been broken away. 


As at Sakkara, in the Pyramid of Pepi. 
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N. Channel. S. Channel. 
W. Mid. E. Mean. W. Mid. E. Mean. 


37° 33° 37°25’ 37°25’ 37° 28" | 38° 28° 38° 20° 38° 35’ 38° 28" 
each statement being the mean of two observations, which never differed more 
than 6’. 

Hence, if these channels were continued to the outside of the Pyramid, their 
floors would end on the Pyramid faces at 2641°3 above the base, and 2460°8 from 
the centre of the Pyramid on the N. face; and at 2679'1 above the base, and 
2431°2 from the centre on the S. face. I observed something like the mouth of 
a hole in the 85th course on the S. face, scanning it with a telescope from below ; 
but I was hindered from examining it closely. 

45. Returning now to the gallery from which we diverged to the Queen’s 
Chamber, the length of the gallery was measured like the other passages, with 
the steel tape, but not many joints were measured, and those were on the E. 
ramp, on which the tape was laid at 6 inches from the edge. The offsets to the 
floor and E. ramp were also read, in continuation of the series of the ascending 
passage, as explained before (section 39). The results are as follow, starting from 
the N. wall of the gallery, at 1546°8 from beginning of ascending passage. 


Variations from Mean Axis of Variations from Mean 
Distance on + 1’ 20” azimuth. Axis of 26° 16’ 40’ altitude. 
Slope. W. Mid. E. Ramp Top. Floor. 
N. wall . , , O 2 ws _ : [16 22°3] 
At 30 209 ‘IE. 21'2 os she 


First joint, vertical . 44°6 sii sie sae 
At 150 20°7 2W. 203 

Joint at “cut off” vertical 223°2 ae = £6 

Face of “cut off” . 223°7 

Second “ cut off” . 2638 


Joint. : : 264°! 20°9 fe) 20'9 2°0 22'°9 
At 400 21'0 2 E. 21°4 2°3 23°1 
At 700 20'8 4 E. 21°6 26 236 
Joint : : - Q12°4 ees sas Bea Sua sas 
At 1,000 21°I fe) 210 I°5 23°4 
Joint, broken to next 1087°0 : a 
Joint : ; ~ T186'5 oo ao ne sei ea 
At 1,300 21°5 °3 W, 20'8 2°3 23°3 
Joint : , . 1454°6 ‘es alae ane — sie 
At 1,600 21'2 "1 E. 21°4 2'1 22'2 
Ramp End . ~ 815s 21°3 fe) 21°2 1°8 22°1 
S. wall, in same line  1883°6 ae an ne se age 


In the variations in altitude, the height of the axis above the ramp top is 
stated, as well as its height over the floor. The axis, though different in azimuth 
and altitude from that of the ascending passage, is reckoned to start from the 
end of it; hence the offsets are a continuous series, though measured from a line 
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slabs there 28° 0’ to 28° 18',and 27° 56 to 28° 30", mean 28° 11’; which on a mean 
slab 52°2 from N. to S., would differ 1°74 inches from the passage slope. The 
edge of the southernmost slab is 14°5 from the S. wall; the next slab is 47°4 
from N. to S. : 

The verticality of the ends of the gallery was measured from a plumb-line ; 
and the horizontal distances of the top and bottom of each of the laps of stone 
from the ends of the roof are thus :— 


Laps. N.End. Lean out. | S. End, Lean in. High on S. End, 1@Pp on W 
8 ° . Oo (?) O 33°6 
top 30 6 { 29 2°3 
—'08 
top 6°2 5°80 31 
6 | ; " 
base | 60 —2 5°80 33 
top | 91 9°00 3°0 
Q xe) 
5 base } 85 +°6 9°00 34 
top | Il'9 1208 - 29 
= ° ‘I 8 
. base | 12°1 ; { 12°18 70 33 
top 15‘! { 15°08 
‘1a 
: base | 15:0 7 15°18 + 
top | 197 f 1810 
2 
base|igg + |tisss 74% 
to 196 : 
I i a ae. we 
base | 19°2 7 med 
+1°2 21°25 +32 


The letters h and s in the column of the N. end show the under edge of the 


lap of stone to be either horizontal or sloping; on the S. end it is always 
horizontal. The width of the top of the gallery is 409 at N., and 41°3 at S. end. 
The remarkable groove in the lower part of the third lap, along the whole length 
of the sides, was measured thus, perpendicularly :— 


N.W. N.E, S.W. S.E. | mean. 
Ercove ugwaete| I1°7 118 11'2 )§ Xe) | res 
from lap edge | to 5-4 57 61 st | sg 


At the S.W. it is cut to a depth of °8 inch, at the S.E. to 6 (?); the upper 
edge of it is often ill-defined and sloping. According to Prof. Smyth the mean 
L 
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The ramps along the sides, where they join this great step, are very 
irregular. Their top surfaces slope away downwards toward the side walls ; 
thus the E. ramp top varies from 13°20 to 12°18 below the step from E. to W., 
and the W. ramp top from 12°82 to 12'2 (?) from W.to E. At present, more- 
over, the ends of the ramps are parted away from the face of the step by 
*30 on E. and ‘44 on W., an amount which has been duly subtracted from my 
length measures of the gallery. Beside this, the top of the step itself, though, 
straight, is far from level, the W. side being about 1’o higher than the E. side. 
And the sloping floor seems to be also out of level by an equal amount in the 
opposite direction ; since on the half width of the step (ze, between the ramps) 
the height of the step face is 3492 or 35:0 on E., and 35°80 or 35°85 on W. 
The length of the step from N. to S. is: on E. side 61‘0, and on W. 61°5. All 
these measurements are very carefully taken with elimination of wear, fractures, 
and shifting of the stones at the joints. Hence, at the line along which I 
measured, 6 inches from the edge of the ramp, the step will be 61°1 long; and 
this at the angle 26° 12’ 50” (by which the end of the gallery was calculated from 
the plug-blocks) will be 30°08 vertically, for the virtual * above the actual floor 
end. Then the top of the step will (by above measures) be here 34°88 above 
actual floor end, and the step dips about ‘64 to the S. wall at this part ; so the 
top of the step at the S. wall is 3488—°64—30.08=4'16 (say=t'2) above the 
virtual floor end at the line of taping. And as the virtual floor end is at 
1689°0-+'5, the step surface at the E. side of the S. doorway is 169326 over 
the pavement. 

47. The Antechamber and its passages were measured both by steel tape 
and rods, in one length, from the step to the King’s Chamber; and the joints 
and floor levels are as follow :— | 


Southward 
long Floor| fromcentre| Level over virtual Level over pavement. 
on E. side. | of Pyramid} end of gallery + ‘2. + °6. 
+ ‘9. 


Face of step _.. . |— 61°32 47 E. 56 W. | 1693°7 to 16946 


‘4 
S. wall of gallery fe) 617 | 42E. 1693'2 
N.end of Antechamber} 52°02] 113°7 


; . , 36 1692°6 
Joint, granite begins . 64°90 | 1266 { 39 1692'9 
Granite of wall begins 7526 | 1370 
Edge of wall groove . QI'79 | 153°5 
Joint of floor . .|] IIl215 | 1738 Fe pe 
Edge of wall groove . | 11348 | 175°2 

”» ” » + | T1926! 1810 


* The virtual floor end is where the general floor slope, if carried on through the step, 
would intersect the plane of the S. wall. 
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The mean length is thus 116°30 (by the two series from top to base), breadth 
65°00, and height 149°35 ; or the ceiling over the virtual end of the gallery floor, 
152°85 + °2, and 1841°8 +6 over the pavement. 

49. Coming now to details of the walls, the rough and coarse workmanship 
is astonishing, in comparison with the exquisite masonry of the casing and 
entrance of the Pyramid ; and the main object in giving the following details is 
to show how badly pyramid masons could work. The great variation in the 
foregoing measures illustrates this. 

The N. wall is all rough picked work, with ‘2 variation commonly ; there is 
a great irregular flaw, and a piece broken out of the stone about the level of the 
top of the leaf, as much as 1 inch deep. The E. wall has the granite by the 
side of the leaf wavy and winding, and bulbous at the base, projecting 1'4. On 
the wainscot block at the S. end of this wall, which is all in one with the S. end 
of the chamber, are two conjoined deep scores or scrapes nearly vertical, much 
like the beginning of a regular groove; their distance from the S. wall is 3°6 to 
72 at 90, and 2°6 to 6°4 at 52 from floor, where they end ; they are ‘48 deep at 
maximum. The S. wall has all up the E. side of it, over the wainscot, a 
projection, just equal in width to the wainscot, and varying in thickness from 
°31 at top to 1°7 half-way down, and thence fading off down to the top of the 
wainscot. On the W. side of the S. wall the granite has been daubed over for 
2 to 6 inches in breadth, with a thin coat of cement; this, at 1 inch from the 
side is °35 thick ; also at 13 from the W. side is a slight sinking of the granite, 
from °34 to ‘60 in depth, all quite ill-defined. The W. wall has the top of the 
granite wainscot uneven, rising toward the front, and there sinking suddenly °35 
at 1°4 from the front edge. The southern of the three semicircular hollows on the 
top of this wainscot (see PI. xii.)* has the granite defective at the back of it, and is 
backed with rough limestone there. The southernmost stone over the wainscot 
is dressed very flat and true, but rough, + or — ‘03. The next block has a 
raised edge to it on the S. side (figured by Prof. Smyth), and along the base of 
it, which consists of granite left rough, not dressed away in finishing ; about 
4 inches wide, and °4 projection along the lower edge of the block; and 2 wide 
and I'2 maximum projection at the side. The other edges of this block were 
marked out by saw-cuts in the granite, about ‘2 deep, to guide the workmen in 
dressing the face. 

The various courses and stones of the chamber were measured, but the only 
points of interest are the following. 

The south wall has four vertical grooves all up it, which have been hitherto 
supposed to have extended down to the top of the passage to the King’s 
Chamber. This was not the case, however; for, though much broken away, it is 
still clear that they became shallower as they neared the bottom, and probably 


*# The forms of the curves are plotted from offsets taken at every inch along them. 
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between its side ledges in the grooves, varies from 40°6 to 41°2 at different 
heights up the middles of the ledges; but furthermore, the edges are not 
square, and we may say that 40 to 42 will about represent its irregularity. 
Yet this was another so-called “standard of measure” of the theorists. The top 
of the upper block of the leaf is a mere natural surface of the granite boulder 
out of which it was cut, utterly rough and irregular ; and not materially broken 
away as it dips down deeply into the grooves, and is there plastered over. It 
varies from 51°24 to 590, and perhaps more, below the ceiling. Yet the cubic 
volume of this block was eagerly worked out by the theorists. 

51. The King’s Chamber was more completely measured than any other 
part of the Pyramid ; the distances of the walls apart, their verticality in each 
corner, the course heights, and the levels were completely observed ; and the 
results are given in Plate xiii, in which all variations from the mean amounts 
are shown on their actual size. The principle of concentrated errors enables the 
eye to grasp at once the character of the variations in workmanship, in a way 
that no table of figures could show it. 

For example, the N. wall is on an average 412°59 inches long (see bottom of 
Pl. xiii.) ; but the “face of West end” (see left hand of plate) is at the top ‘18 
outside the mean vertical line, and the “ face of East end” is ‘42 inside the mean 
vertical ; hence at the top the length is actually (‘42 —°18) shorter than the mean, 
4.é., It is 412°35. The line of the ceiling on the W. edge of the N. wall will be 
seen to be ‘18 over the mean level of the course, marked “5 ” at each side of the 
sheet ; and the ceiling line at the E. edge is as much as 1°00 over the same 
mean level; hence the ceiling slopes ‘82 on its length along the N. side. 
Referring now to the floor or to the Ist course, where the mean levels are 
marked by continuous straight lines all across the diagram, it will be seen how 
far the variable lines of the “ Actual First course ” or “ Actual Floor” fluctuate up 
and down, in relation to their mean level; the first course, beginning at the 
N.W., is at ‘23 over its mean level (marked 1 at the edge), and runs upward 
until it is 1°03 over its mean level at the N.E., then down to below mean level at 
the S.E., then still further down along the 5S. wall, turning a little up to the 
S.W. corner, and then rapidly rising to above its mean level again at the N.W. 
corner, whence we started. Only the first course and floor were directly levelled 
all round; the upper courses were connected by vertical measures in each 
corner, hence their fluctuations along the sides were not measured, and they are 
only marked by broken lines. On looking down, say, the “ Face of West-end,” 
from joint 5 to 4, it is seen that the line bends out, showing the stone to be 
slightly hollowed ;* but on the average it is about square with the course line ; 
and any error seen in squareness of angle in the diagram, represents only x of 


* The middle of the course was only thus offsetted on the top course; the other courses 
were read on at the top and base of each, to give their errors of cutting and of placing. 


Sect. 53.) KING'S CHAMBER, ROOF. 81 


which angle the change of length has affected. Hence the present angles are 
entered above, with the reservation that the sides having altered about I in 1,000 
of their length, the original angles may have easily been 3’ or 4’ different ; and, 
therefore, all that we can say about the angles is, that the builders were probably 
not 5’ in error, and very possibly less than that ; also that the errors change 
sign from base to top, so that each course must be a true right angle at some 
level up it. 

Probably the base of the chamber was the part most carefully adjusted and 
set out ; and hence the original value of the cubit used can be most accurately 
recovered from that part. The four sides there yield a mean value of 20632+ 
"004, and this is certainly the best determination of the cubit that we can hope 
for from the Great Pyramid. 

The top course of both the E. and W. walls consists of a single stone ; on 
the N. and S. walls the joints of it were measured thus :—N. wall, E. end o, 
joints 6271, 248°8; S. wall, E. end 0, joint 1892. 

The average variation of the thickness of the courses from their mean is 
"051, the mean being 47°045 between similar joints, or including the top course, 
which was necessarily measured in a different way, 47°040 + ‘013. 

53. The roof of the chamber is formed of nine granite beams, of the 
following breadths, the two side beams partly resting on the ends of the 
chamber :— 


Along N. Side. Along S. Side. ; 
oo te aie Skew. |D peed 
Stones. Stones. Total. Widths. 
E O—- x 
; 224+x 173 +2 
22°4 . 17°8 —4°6 
45'5 45°8 + ‘3 
67°9 | 63°6 -43 
52°5 53°0 + °5 
120°4 1166 — 38 
49°1 51°0 +19 
169°5 167°6 —19 
539 554 US 
223°4 2230 — 4 
44'8 45'8 +1'0 
268°2 268'8 +. 6 
581 59°33 +1'2 
326°3 3281 +1°8 
62°7 60°8 —I9 
3890 388-9 — ‘I 
233+ 234+ 
W 4123+ 4123+ 
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shows up the grinding around them, and the slight projection and very much 
less perfect grinding of the sites of the bosses. There is a remarkable diagonal 
drafted line across the immense block of granite over the doorway ; it appears 
not to run quite to the lower corner on the E. side ; but this is doubtless due to 
the amount by which the block is built into the E. wall, thus cutting off the end 
of the diagonal line. This sunken band across the stone appears to have been 
a true drafted straight line cut in process of working, in order to avoid any 
twist or wind in the dressing of the face ; this method being needful as the block 
was too large to test by the true planes otherwise used (see section 135). 

The position of the King’s Chamber in the Pyramid is defined thus: N. 
wall at base 3306 + ‘8 S. of centre of Pyramid ; S. wall 537°0+ ‘8 from centre; 
E. wall (284'4 + 20°7) = 3051 + 3:0 E. of centre; W. wall 107'7 + 3:0 W. of 
centre. Base of walls 1686°3 to 1688°5 -+- ‘6 above pavement ; actual floor 1691°4 
to 1693°7 + ‘6 above pavement; ceiling 19216 to 19237 + ‘6 above 
pavement. 

56. The air channels leading from this chamber have been already men- 
tioned (see section 24) and reference has been made to PI. xi. for the positions of 
their outer ends. The angles of them had not yet been accurately measured, 
and therefore I carefully observed them bya sliding signal and a theodolite. 
The angles on the floors of them at different distances from the theodolite 
station at the present outer ends are thus :— 


N. Channel, S. Channel. 

At 84 to 180 32° 4° 45” At oto120 45° 25’ 6” 
180 to 300 31° 37° 15” 120 to 240 45° 30° 7” 
300 to 372, 30° 43° :15” 240 to 360 = 45° 25° 57” 

eo griee 360 to 480 = 45° 25° 14” 
Mean = 31-333 480 to 600 = 45° 18’ 19” 


600 to 720 45° 7 42 

720 to 840 44° 26° 18” 

Mean 45° 13° 40° 
For example, on the floor of the N. channel, the angle on the part from 180 to 
300 inches from the mouth averages 31° 37’ 15”; this is, of course, quite apart 
from whatever the dip may be from the passage mouth to those points ; and it is 
reduced from the actually observed quantities. The above list of angles are just 
equivaJent to observations by a clinometer, sliding to different parts of the 
passage. It is striking that the slope of both passages continuously increases 
up to the outside (except just at the mouth of the S. channel) ; hence these 
quantities, which only extend over a part of either passage, cannot give the true 
mean slope; probably on the whole length the means would not be greater 

angles than 31° and 444° respectively. 

The N. channel has been forced open as a working passage for some way 
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N.E. toN. Wall. N.W.toN. N.W.toW. S.W.to W. S.W. to S. S.E. to S. 


Top... 47°70 48°90 53°34 56°50 67°92 [68°60] 
Base oss 48°35 50°06 53°32 56°54 67°62 68°06 


S.E. to S. wall in brackets, was taken at 10 below top, owing to breakage 
above that. 

On raising the coffer no trace of lines was to be found to mark its place on 
the floor, nor any lines on the floor or bottom of the coffer. 

The flint pebble that had been put under the coffer is important. If any 
person wished at present to prop the coffer up, there are multitudes of stone 
chips in the Pyramid ready to hand. Therefore fetching a pebble from the 
outside seems to show that the coffer was first lifted at a time when no breakages 
had been made in the Pyramid, and there were no chips lying about. This 
suggests that there was some means of access to the upper chambers, which was 
always available by removing loose blocks without any forcing. If the stones at 
the top of the shaft leading from the subterranean part to the gallery had been 
temented in place, they must have been smashed to break through them, or if 
there were granite portcullises in the “Antechamber, they must also have been 
destroyed ; and it is not likely that any person would take the trouble to fetch 
a large flint pebble into the innermost part of the Pyramid, if there were stone 
chips lying in his path. 

59. The measurements of the coffer surfaces by means of offsets from 
arbitrary lines, have all been reduced in both tilt and skew, and are stated as 
offsets or variations + and — (2., in excess or deficiency of stone) from a set of 
mean planes. These mean planes, then, are supposed to lie half in and half out 
of the stone, being in the mean position and direction of the face. The mean 
planes adopted for the E. and W. sides, both in and out, are all parallel ; hence 
variations from these planes represent errors of flatness of the surfaces, and also 
errors of parallelism of the quasi-parallel surfaces. The mean planes adopted 
for the N. and S. ends, both in and out, are similarly all parallel. The mean 
planes adopted for the bottom, both in and out, and the top, are also parallel 
These mean planes of the E. and W. sides, and of the N. and S. ends, are all 
square with the planes adopted for the bottom and top. There is no exception 
from parallelism in the system of comparison planes; and but one exception 
from squareness, in that the N. and S. planes are not adopted square with the 
E. and W. planes. There was such difference from squareness in the work, that 
to make the planes square with each other, would have altered the offsets so 
much as to disguise the small curvatures of the faces; and adopting the planes 
slightly out of square, makes no difference in taking out quantities of length, 
surface, or bulk, from the tables of offsets. 

The mean planes to which the coffer surfaces are referred here, and from 
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South end. North end. 
Top. A B CD E F G_H jy K LM N_ OP 
gl much see. “sees eae bee. bee vee. cee AS. +8 +9. 9 < 
broken ee 7 —5 -—4 —-3 OO +1 +2 +4 +7 +7 «17 «+49 
East 4 away —8 -6 —-5 —-3 —2 o o +2 +2 +5 +5 +4 +7 
outside. 10-13-11 —7 —5 —4 —3 0 +1 +1 +3 +2 +5 +5 +5 +8 
—I2 —11 —8 -—7 —5§ —-3 —2 +1 +1 +2 +2 +6 +6 +5 +8 
—12 —12 —8 —7 —4 —4 —1 +1 41 +2 +3 +7 +7 +7 +8 
Base. \Wi-g9-—9 -7 -4 oO +1 +1 +2 +3 +4 +5 +8 +8 +5 +6 
West side. East side 
Top. a r Y é € g n 
4 wee 2! arr 
tT 20 
North outside. 7 z 
c 2 
b 4 
Base. a — 36 4 
West side. East side. 
Top. a B Y é € z n 
4 eee eee eee eee eee eee ere 
f\-12 -7 +1 +2 ze i He 
é el-12 -—-I2 —-9 —4 3 22 34 
South outside. dl-21 -24 -1%6 —11 —-2 +22 +37 
¢|-25 —-27 —2r —15 +1 +22 +4) 
6|-27. —30 —20 —14 —4 +26 +47 
Base. @\|—-22 —32 —-16 —I3 —2 +29 +54 
South end. North end. 
B C D E F GH J K L M O P 
West. a [oe oo $I§ $15 £17 +13 +12 +16 +11 + 5+ 1-—-7+9O0+4 «. 
Bl... oo +20 +15 +16+94+144+4+6-—-1-11-—-3+4-—1 
Bott rh . $22 +22 ++19+8+8—2+1—-4-—9 —18 — 4 — 8 
as we $IO +17 +21 +17 + 3-3 — 4 — 6 —II —16 —15 — 9g —12 
oulice €t.. +9 +17 +12 +94 1-8 —1 —II —13 —25 —12 —IO —15 
es C1..413 47412 +4 -—-2-—6—7 —12 — 8 —17 —12 —20 
"1... —8+84+5+4-7-—5 — 8 —13 —12 —10 —14 —15 
South end. North end 
B D E F G H J K L M N O 
Top (f/f [+3 +5 +1 +5 +10 +11 $12 414 +16 +15 +13 +12 +12 
West ef —-' +1 -3 +3 +44+44+3 +5 +10 +12 +10 +9 + 8 
in- @/+31—-1 o+17 +3 o-5 —-5 —! 8 — 1 +10 +12 
side. c —-I—-2—2 O—- 1 —1I1 —17 —16 —I12 —2 —4 +10 +7 
6/ +4 —1 —3 —2 -—11 —22 —28 —27 -18 —7 —7 -10 +4 
Base. \ a} +19 +14 +8 — § —19 -—27 -—33 —34 -24 —-7 —-8 +7 +6 


Sect. 60.] COFFER, CALIPERING. 89 


If the thickness of the middle of the bottom is wanted, referring to ‘“ Bottom 
outside” and “ Bottom inside,” at H, 6, it is seen that the mean thickness, 6°89 
is changed by — ‘04 and +02, and it is therefore 6°87 thick at that point. Or 
if the thickness of the middle of the N. end is wanted at d@ and 6, referring to 
“ North outside ” and “ North inside,” it is seen to be (5°67 — ‘21 + 0) = 5°46; 
or the middle of the N. end at the top is (5°67 + ‘21 + ‘o1) =5°89. Thus 
the dimensions internal or external, or the thickness of any part, can be easily 
extracted from the tables by merely adding the corresponding offsets to the 
mean dimension. 

60. The thicknesses of the sides, however, are involved in the measurement 
of the cubic bulk of the coffer, and therefore need to be very accurately known, 
in order to test the theories on the subject. And by the above method the 
thickness is dependent on the combination of many separate measures, and 
is, therefore, subject to an accumulation of small errors. To avoid this 
uncertainty, the sides were independently calipered ; observing at every six 
inches, on the same spots on which the offsets were read. And it is to these 
caliperings which follow that I would mainly trust for determining the solid 
bulk of the coffer. The thickness is stated in hundredths of an inch. 


South end. North end. 
N O 


Top. { £|598 599 587 593 597 604 593 597 599 597 60c 599 593 
Thick- | e |592 597 583 579 586 584 580 579 582 585 590 590 597 
ness of ] @ 1/595 591 594 590 578 568 561 561 570 577 581 589 597 
West | ¢ [596 589 592 588 576 561 555 553 559 571% 579 591 596 
side. b 590 592 582 561 548 S4I 542 553 571 587 594 593 
Base. @|617 613 2 §82 576 557 548 576 586 607 619 610 
Means 598 595 591 586 579 572 564 570 573 581 590 595 598 
South end. North end. 
BC D EF F G HH J K Ll M _ N_ O 

Top. (f | + s+ + 592 594 594 594 594 596 597 582 600 597 
Thick- | ¢ -- §83 587 589 593 594 593 597 595 596 596 5y4 595 
ness of ) d | 575 585 588 589 597 587 586 586 Sor 594 597 596 596 


East [3 571 581 587 587 592 590 584 583 581 589 593 596 596 


West side. East side. West side. East side. 
ot : ee Ze : a 2 ee ee 2 

Top. (| 596 583 589 589 595 Top. {// | 591 595 se awe 
Thick- | ¢ | 574 561 564 560 571 Thick-| ¢ | 579 585 588 593 ... 
ness of | @ | 569 548 549 552 559 ness of} @ | 567 575 572 587 600 
North | ¢ | 564 553 551 560 567 South | ¢ | 564 573 575 588 604 
end. 6 | 567 561 553 563 572 end. | 4 | 562 570 576 587 609 
Base. a@a|580 578 563 561 570 Base. | @ | 584 595 Gor 615 638 
Means 574 563 561 564 573 Means 574 581 584 594 609 
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62. The spaces, or “chambers of construction,’”’ as they have been called, 
which lie one over the other above the King’s Chamber, are entered from a 
small passage which starts in the E. wall of the gallery, close under the roof. 
This is apparently an original passage, and leads into the lower chamber ; the 
other four spaces above that can only be entered by the forced ascent cut by 
Col. Howard Vyse. This latter passage is not so easy to gq up as it might be, 
as it is nearly all in one continuous height, so that a slip at the top chamber 
means a fall of thirty feet ; and as there are no foot-holes, and the shaft is wide, 
and narrows upwards, an Arab guide of Dr. Grant’s refused to venture up it, 
alleging that he had a wife and family to think of. Ali Gabri, however, was 
quite equal to the business, and held a rope ladder to help me, which he and I 
together held for Dr. Grant. 

The mouth of the passage out of the top of the gallery is 26°3 wide 
horizontally at top, 26°2 at base, the S. side of it being formed by the topmost 
lap of the S. end of the gallery. The top and base of the mouth follow the 
slope of the gallery, the top being the top of the gallery, and the base the 
bottom of the topmost overlapping; thus the mouth is 294 high, square with 
the gallery. The rough passage is 28} wide, 32 inches high, and over 20 feet 
long. 

All these chambers over the King’s Chamber are floored with horizontal 
beams of granite, rough dressed on the under sides which form the ceilings, but 
wholly unwrought above. These successive floors are blocked apart along the 
N. and S. sides, by blocks of granite in the lower, and of limestone in the upper 
chambers, the blocks being two or three feet high, and forming the N. and S. 
sides of the chambers. On the E. and W. are two immense limestone walls 
wholly outside of, and independent of, all the granite floors and supporting 
blocks. Between these great walls all the chambers stand, unbonded, and 
capable of yielding freely to settlement. This is exactly the construction of the 
Pyramid of Pepi at Sakkara, where the end walls E. and W. of the sepulchral 
chamber are wholly clear of the sides, and also clear of the sloping roof-beams, 
which are laid three layers thick; thus these end walls extend with smooth 
surfaces far beyond the chamber, and even beyond all the walls and roofing of 
it, into the general masonry of the Pyramid. 

The actual dimensions of these chambers are as follow :— 


N. E. S. W. 
Top 462 to 470 — 468°4 247 
4th 481 196 467 198 
3rd 479 (?) ia 472 198 
2nd slate 204°65 471°8 sis 
Ist 460°8 205'8 464'6 205'9 


(King’s 412°8 206'4 412°5 206'1) 
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to S. On the 6th beam is a mid-line on W. face, 100 to N. and 1o1°5 to S.; 
these N. and S. ends being merely the rough sides of the chamber. There are 
two bosses on the S. side of the chamber. The chamber sides are much slopped 
over with liquid plaster. On the N. side is a vertical line on the western 
granite block, over the edge of a limestone block beneath it, apparently to show 
the builders where to place it. From the W. end of the chamber this line is at 
10 inches, joints at 210 and 246, a red line at 260, chamber end at 479(?), and 
end of granite blocks at 503. 

- Inthe fourth chamber the supporting blocks along the N. and S. sides are 
all of limestone, and are much cracked and flaked up by top pressure. The great 
end walls, between which all these chambers stand, have here sunk as much as 
3 inches in relation to the floors and sides ; as is shown by the ledges of plaster 
sticking to them, which have originally fitted into the edges of the ceiling. The 
roof-beam by the forced entrance has been plastered over, then coloured red, and 
after that accidentally splashed with some thin plastering. Along the N. wall, 
from the E. end of the floor as 0, there is a line at 37°8, another at 58°5, another 
at 4506, and the W. end at 481: thus the extreme lines are 412°8 apart, with a 
supplemental line at 20:7 from one of them. This last was probably put on in 
case the end line should be effaced in building, so that the workmen would not 
need to remeasure the whole length. One stone, 65 inches long, has a mark on 
it of “3 cubits.” On the S. wall, from the E. end=o, there is a line at 32°6, 
another at 384'7, another at 446°5, and the W. end at 467; here the extreme 
lines are 413°9 apart, with a supplemental line 61°8 (or 3 x 20°6) from one end. 
Along both sides of the chamber is a red line all the way, varying from 20°6 to 
20'2 below the ceiling ; with the vertical lines just described crossing it near 
each end. Remembering the Egyptian habit of building limestone courses in the 
rough, and marking a line to show to where they were to be trimmed down level, 
this line seems to have been put on to regulate the trimming down of these lime- 
stone sides; either as a supplemental line, like those one cubit from the true marks 
on the granite beams, or else placed a cubit lower than the trimming level, in 
order that it should not be effaced in the cutting. On the; E. floor-beam is a 
line 98°6 from the S. end. On the third beam is a line 100 to N. and 96:2 to 
S. end. On the 4th beam a line 983 to N., and 1006 to S. end. On 
the sixth beam a horizontal line running all along it, with a mid-line 98:0 
to N. and 981 to S. end; and a supplemental line at 203 to 206 
from S. end. On the other side of the beam a line is at 981 to N. and 
96 to S.end. The rough tops of the floor-beams of this chamber show most 
interestingly the method of quarrying them; exactly as may be seen on the 
rough tops of the granite roofing inside the Third Pyramid. On the top of each 
stone is a hollow or sinking running along one edge; and branching from this, 
at right angles across the stone, are grooves 20 to 25 inches apart, about 4 
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64. General summary of the positions inside the Great Pyramid : 
Horizontally. Vertically. 
From N. Base. From Centre. E. from Centre. | Above Pavement. 
Beginning of entrance ...........- N. 4010°0+ °3 | mid. 287°0+ 8 + 668°2+ ‘1 
S. end of entrance passage . | 4228° +2° | N. 306° +2° | mid. 286441° | —1181° +1° 
S.endof N. subterranean passage | 4574: +2° |S. 40° +2° | mid. 286341° | —1178 +1: 
Subterranean Chamber, centre ...! 4737° +2° |S. 203° +2° | mid. 25°942* | —1056° +2° roof 
N. nd of S. subterranean passage 4900° + 2°|S. 366° +2° | mid. 284°9+1° | —1219° +1°5 
S.end ,, i §546° +3 S. 1012*° +3° | mid. 277°! —1213° +2° 
Beginning Ascending ” 1S17°S+ ; N. 3016°3+ 3 mid. 286°6+ ‘8| + 179°9+ ‘2 
End of 2907°3+ N. 1626°8+ °8 | mid. 287° +1°5| + 852%6+ °3 
Queen’s Chamber, N.E. corner . 4402°1+ °8| N. 102°0+ ‘8 | side 308° +3° | + 834°44 ‘4 
mid. W. roof... 4533°8+ ‘8| N. °'34 ‘8 |side 72° +3° | +1078°7+ ‘6 roof 
Gallery, virtual S. end, floor ...... 4595°8+ °9| S. 61°7+ ‘9 | mid. 284°4+3° | +1689°0+ °5 
Gallery, top of step face............! 453454 °9| S. "4+ ‘9 | mid. 284°4+3° | +1694°1+ °7 
Ant ber, N. end, floor. ees were | 4647 + 9/S. 1137+ °9 same ? -+1692°6+ °6 
. »» Yoof ...... 4763°9+ *99|S 229°8+ ‘9 same ? +usat Gt 6 roof 
King’s Chamber, floor ............ . 4865°0+ “9] S. 330°9+ ‘9 mid. same ? +1692°3+ ‘6 
» ” N.E. base | 4864°7+ .9| S. 330°64 ‘9 | side 305°04+3° | +1688'5+ ‘6 
» ” TOOL, si sesivevesses +1921°6+ ‘6 


to 1923°7+ ‘6 
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casing foot, but the raised square is found a short way from this corner along 
each side. 

66. Having, then, found and fixed twelve points of the sides, the actual 
corners of the square were adopted as being probably the most accurately 
executed points, to define the intended size; and they (with the points near the 
N.W. corner) yield a square of the following size :— 


Length. Difference from mean. | Azimuth. 
8471°9 — 30 inches —5 31° 
8475'2 + °3 —6" 13” 
8476'9 +2°0 —5° 40° 
8475°5 + 6 —4° 21" 
8474°9 1°5 —5° 26” 


The various other points of the square of rock that were fixed, differ from the 
above square but little. 


At 425 N. of S.E. corner, the edge is 2 : inside the square. 


At 720 W. of ” ” ” 
At 367 E. of SW. 7 
At 330 E. of ” bb] 9? °2 +) ] 


Thus there is a mean variation of ‘9 inch from the adopted square. 

But beside this there is the casing still remaining on the upper part of the 
Pyramid ; and the lowest corner of this casing at each edge of the Pyramid was 
observed on in the main triangulation by the 10-inch theodolite. Hence there 
is another check on the raised square. Taking, then, the differences between 
the corners observed on, and the diagonals of the raised square, these differences 
of the casing are thus :— 


N.E. +17; S.E. +°6; S.W. +°3; N.W. +°3; mean +-7 inch. 


From this it is seen that the builders skewed round the planes of the casing as 
they went upward ; the twist being +1’ 40” on the mean of the sides ; so that it 
is absolutely — 3’ 50’ from true orientation at the upper part. But it must be 
remembered that these differences include the errors of recognising the same 
point of a stone, by natural markings without any definite signal or station, and 
viewed from different directions at about } mile distance. 

The collateral evidence, then, confirms the position of the square, as first 
stated. 

67. For the angle of slope of the faces, the direct measures by goniometer 
and level on the granite z” situ gave 53° 12’ + 2’, but by measurement from 
plumb line 53° 2’; the block has been slightly shifted, but the top surface only 
varies I’ from level, being high on the outer edge. By goniometer measures of 

O 
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N.E. S.E. S.W. N.W 
193°5 sae 210°0 ledge 

ea 1790 179°5 rock blocks _170°0 rock top 
1590 rock blocks  162°0 rock blocks . ee 

ous 1430 , » 142°5 rock top 1330 
1360 , 5 set 132°5 127°0 ledge 

74'5 rock top 78°5 rock top 86'5 85'0 

62°5 ~ 41'S 37°5 

O pavement oO fe) e) 


—14'5 raised square —I1‘Oraised square—10'5 raised square 
— 18 (?)paving bed — -20 paving bed —23'5 paving bed 
—52°5 rock oy ae 

These series of measurements were not levelled together, but are only 
adjusted, so that they represent the builder’s intention, though not his errors of 
level. It is seen that though the courses are not very regular in thickness, yet 
the 10th course at 20 cubits level (416) runs all round; and the 5th course is at 
10 cubits level (207°5) on S.W., and at the ledge (22. casing back) at N.W. 
The first course is 2 cubits high (41°5) where seen at S.W. 

69. The pavement around the Pyramid was sunk slightly in the rock, and 
the edges of its bed were found near the N.W. corner. They were 5283 and 
527°9 distant from Pyramid base on the N., and 5309 on the W. side. This is 
just about the same as the most usual breadth of the Great Pyramid pavement 
bed. Vyse reports finding 432 inches breadth of paving still in existence. 

70. The whole site of the Pyramid is artificially levelled ; it is cut into the 
sloping rock of the hill-side, deeply on the W., and less along the N.; it is built 
up at the N.E. to support the pavement, by a platform of immense blocks ; and 
at the S.E. the rock falls rapidly away and has probably also been built over, in 
order to level it up for the pavement. 

The great shelf or area (see Pl. iv.), thus cut out on the hill-side to hold the 
Pyramid, has approximately vertical sides along the W. and N. But these sides 
are not equidistant from the Pyramid ; the top edge of the W. side being 1,105 
distant from the N.W., and 1,083 from the S.W. corners of the Pyramid ; while 
the N. side is 2,255 from the N.W. corner, and 2,312 from near the middle of the 
Pyramid side. The directions are not parallel to the Pyramid, the W. side lying 
—8’ from the Pyramid azimuth, and the N. side — 56’. 

Within this lowered area are rows of grooves and cross grooves cut in the 
rock, which is thus divided up into squares. These are the remains of the 
trenches by which the workmen cut out the whole of this space ; the reasons for 
their being so are (1) they are considerably askew to the finished work, and 
irregular in size, and have therefore not been made for any structural purpose ; 
(2) they are simply grooves and cross grooves, so that they could not be the 
beginning of any erection or rock chamber ; and (3) the grooves are exactly 


On, 
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wide at the top, with a moderate batter of about 1 in 10. It is built of rough> 2+: i. +." 
scraps and blocks of limestone, neatly fitted together with a smooth face ; and eras 
was probably 6 or 8 feet high when complete. The intention seems to have 

been to place it as far from the edge of the area as is the N. wall; the outer 

face of the N. wall being 2,733 to 2,808 from the area, and the outside of the 

W. wall 2,795 from the N.W. corner of the area, to 2,923 from the area at the 

S.W. corner of the Pyramid. The azimuth of this W. wall is + 38’ from the 

Pyramid azimuth, and it runs on till it joins the wall of the Third Pyramid. 

The true peribolus wall of the Second Pyramid, on the S. side, is only a 
short piece, 500 feet long, which appears to have been incomplete when the 
Third Pyramid walls were begun; since it was merged into the latter by an 
elbow wall, instead of being uniformly finished. It is a fine piece of work as 
far as it goes, and was apparently intended to be at the same distance from the 
Pyramid as is the great North wall. It is 5,166 at its outer side, from the S.E. 
corner of the Pyramid ; and the outer face of the N. wall is 5,043 from near the 
N.E. corner of the Pyramid. Thus the N. and S. walls were equidistant from 
the Pyramid ; but the N. and W. walls were equidistant from the edge of the 
area. The azimuth of the inner face of the S. wall is —g’ from Pyramid 
azimuth, The wall is broad in the lower part ; with a narrower crest upon the 
top of it, which is 131 wide at the FE. end, narrowing upwards to 113 in 
breadth. 

72. Beyond the western peribolus wall there lie the large barracks of the 
workmen. These have been hitherto considered merely as lines of stone 
rubbish, or masons’ waste heaps; and though Vyse cut through one part, he 
merely says that the ridges “were found to be composed of stones and sand, 
and their origin was not discovered ” (vol. ii. p. 88). But on looking closely at 
them I observed the sharply defined edges of walls ; and as soon as these were 
begun to be cleared, the ruined tops of the walls were seen, the spaces being 
filled with blown sand. The wall first cleared was traced continuously for some 
80 feet; and at last the arrangement in all parts was found to consist solely of 
long galleries. In the plan of Lepsius there is a variation apparently at the 
easternmost walls, where something like a chamber is shown : nothing of the kind 
is visible on the surface, and on cutting along the northern ends and middles of 
all these galleries, nothing but uniform walls were found. Also nearly the 
whole length of the first gallery from the peribolus was cleared, showing a 
continuous wall right along the site where the separate buildings are marked in 
the “ Denkmialer.” 

These galleries are built of rough pieces of limestone (somewhat like the W. 
peribolus wall), bedded in mud, and faced with hard mud, or mud and lime ; the 
floors of the galleries are also of hard mud. The walls are all united at one end 
into one head wall, which runs 14’ skew of the Pyramid on the W.; and the 
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fourth dynasty style: and among a large quantity of quartzite scraps lying on 
the surface, I found part of a life-size head, of an unusual type. Unaccountable 
blocks of granite were often found, lying loose in the sand; they are smoothed 
all over, about 30 lbs. weight, and of pillowy forms, with rounded faces and 
slight edges. They never showed any wear, and so could hardly be corn- 
rubbers ; and yet they were too smooth and not flat enough to be intended for 
a building. 
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CHAPTER IX. 


THE INSIDE OF THE SECOND PYRAMID. 


73. THE doorway of the Second Pyramid is lost, along with the casing ; 
and the granite blocks of the passage end irregularly. The position of the 
passage was fixed from a station mark near it; its axis is 490°3 E. of the middle 
of the N. face. Its azimuth was already observed by Prof. Smyth, as —5’ 37”; 
which is almost exactly the mean azimuth of the sides, as by my triangulation 
they are —5’ 26”, with a mean difference of 33”. Hence, if the horizontal 
passage is the same azimuth as the sloping, the chamber lies altogether E. of 
the Pyramid centre by about 47 inches. This is much the same arrangement 
as in the Great Pyramid. : 

The entrance passage is entirely of rough dressed granite, none of it 
polished ; like the work of the King’s Chamber ceiling and the Antechamber, 
and not like the King’s Chamber walls in the Great Pyramid. The flaws in it 
are made good with plaster, much of which is to be seen on the first roof-stone, 
and all along the side of the roof, sometimes half-way across it. This was laid 
on with a board or trowel, and afterwards painted red, like the plastering in the 
Granite Temple. 

This passage was measured thus, in height and breadth :— 


E. W. Top. Base. 
At mouth : - 47°33 47°32 41°62 41-2! 
Half-way down - 47°31 47°13 41°08 4117 
Near end ; - 47°44 47°23 4134 41°33 
Means. . Height 47°29+'03 Width 41°29+ 05 


The greater irregularity in the width than in the height of the passage, 
shows the builders to have been less careful than the masons ; since the height 
depends on gauging the side blocks to a uniform height, whereas the width only 
depends on their position. 

74. At the bottom of the slope, the roof has a half-round drum or roll across 
it (see Pl. xti.), like the “roller” over all the tomb doors. From this the passage 
goes southward horizontally (see PI. vii.). From the end of the sloping roof to 
the other side of the roll is 11°77 on E., 11°6 on W.; or, to the portcullis groove 
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40°92. The portcullis is a slab of granite working in vertical grooves in the 
granite sides of the passage; the width of the passage being 41°38 there, the 
grooves are 968 deep on E. and 10°05 on W., making 61°11 in all; the width by 
a single measurement being 61°14 in front, or N., and 61°35 at back, or S. The 
width of the grooves is 15:77 E., and 15:19 W., and the stone slab of the 
portcullis is about 4-inch thinner. Thus it is almost the same as the granite 
leaf in the Great Pyramid, which is 15°14 to 16°28 thick. The granite walling 
and roofing ends at 41°4 to 430 behind the portcullis. The portcullis was 
fiercely attacked by Perring, who tried to break it up, with the vain idea of 
finding a passage leading out of the top of its groove; but it resisted all his 
efforts, and it is now propped up high enough to crawl under it, by rough pieces 
of limestone in each groove. All the lower part of the entrance passage is 
obstructed with stones, left there by the Arabs when removing building 
materials from the interior. At the end of the granite the walls are of good 
limestone with finely-picked faces, like the walls of the gallery in the Great 
Pyramid; and the passage roof immediately rises 230, so that it measures 
thus :— 


E. W. Top. Base. 

Near portcullis - 70°76 70°38 41°56 41°78 
Beyond gaps in floor 71°53 71°36 41°65 A4I°55 
Near chamber. . 7127 7110 41°70 41°30 
Means . . Height 71:064+'13 Width 41°59 04 


The height on the W. side, near the chamber, is taken to irregular 
plastering on the roof. The fine picked walls near the portcullis, soon merge 
along the horizontal passage into very rough picked work cut in the rock, and 
plastered over; farther on there is more masonry, but all plastered ; and after 
that the rock continues on to the chamber. The intention in the 71 inch height 
seems to be to make it half as high again as the ordinary passage: 71°06 x % 
=47'38-+'09 ; and the other passage is 47°29+'03. 

75. The great chamber is entirely cut in the rock, excepting the pointed 
gable roof, which is built of limestone beams, like that of the Queen’s Chamber 
in the Great Pyramid. Stone has been let into the walls to make good defects ; 
and the whole surface was stuccoed. The floor is partly of rock and partly 
paved ; the paving is of fine limestone 9 to 14 inches thick, except around the 
coffer at the W. end, where it is of deep granite blocks. The coffer is of the 
usual form, like that in the Great Pyramid, but was let into the floor up to the 
level of its sliding lid. The floor was lamentably torn up by Perring in search 
of other chambers, and the stones are now piled up all over the E. wall. The 
chamber is, 

1958 on E., 195°9 on W.; 557°99 on N., 557°4 on S.; 
206'4 high at N.W.; 206°3 and 206°5 (?) at S.W. 
P 
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in the lid, which was quickly closed; thus the pins sank } inch to 1 inch, 
melting their way into the resin, and probably forcing it up their sides. This 
process made sure that there could be no way of getting the lid off without 
breaking it, and the design answered perfectly; the lid never was drawn off, 
On one side of the groove in the coffer may be seen a little scrap of cement- 
this shows that the lid was cemented on in the grooves, and that it never was slid 
back, or it must have rubbed off such a fragile scrap. This cementing on of the 
lid was also of use to prevent any shake; so that the labour of wrenching it off, 
and bruising the undercutting to pieces by wriggling and jogging it up and 
down, must have been enormous. This seems, however, to have been the way 
of forcing it, as the undercutting is much broken, and the cement in the groove, 
and the melted-in pins, make it impossible to suppose any other mode of 
removing the lid. There is a good deal of crystallized salt on the inside of the 


coffer. 
77. The size of the coffer was measured thus :— 
E. Mid. W. Mean 
T P 6 65 Mean. error. 
op 10362 10364 103° . ; 
Outer length . | Mid. 10373 Inaccessible. \ pote ba 
Base 103'72 m 
N. ¢along. 4 along. S. 
Top 4196 4197 4196 41°99 4r'970 ‘O15 
Outer width Mid 41°95 Inaccessible. 42°00 +006 
Base All inaccessible. 
: E. 3812 3812 37°98 3807 | 3812 
Outer height ; "UW. All inaccessible. anes 
: E. 7°65 7°66 759 «7°61 7645 03 
Sides thick at the top . dW. 7°62 764 770 7°69 § Ol 
E. Mid. W. 
Top 8463 84°68 84°63 : : 
Inner length | Mis 8474 8480 8491 nae “Li 
Base 8469 8476 84°80 
N. 4 along. § along. S. 
Top 2666 2668 2673 26°67 : 
Inner width : ; \ Mid. 2673 2674 26°79 2676} rics aa 
Base 26°70? 2671 2670 26°73 ; 
East 2951 29°58 29°62 29°57 
Inner depth 4 Mid. 29°59 29°58 > 29°59 03 
West 29°68 2961) +0! 
N. Mid. S. 
East 1°72 1°76 1°60 1:70 "04 
Ledge depth * ( West 1°73 1°69 +'02 


Ledge wide, 1:20 to 2°30 on N., 
Lid, 103'73 on W., 42°03 on S, 
8:24 S.E. 


1°08 to 1°90 on S. 
Thickness, 9°89 W.S.W., 8°20 S.S.W., 8:22 S. 
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observe how this was introduced. The block of granite was taken along the 
passage from the southward on edge, and the wall was cut away on one 
side in a slope, so as to just allow of the block being turned flat across the 
passage by slewing it round in a complex way. The block was then pushed 
up into the groove cut in the rock for it, and the cutting in the side required 
to get it in was filled up by masonry at the back of the block. Thus, to 
any one forcing an entrance, nothing but rock and the granite slab would 
meet them. The skill required to turn over and lift such a block, in such 
a confined space, is far more striking than the moving of much larger masses in 
the open air, where any number of men could work on them. By measuring 
the bulk, it appears that this portcullis was nearly two tons in weight, and 
would require 40 to 60 men to lift it; the space, however, would not allow of 
more than a tenth of that number working at it; and this proves that some 
very efficient method was used for wielding such masses, quite apart from 
mere abundance of manual force. 
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just above it. Secondly, the evidence of the stones in the rough shows that 
their slope could not be continued down to their base: at the N.N.E. the 
face of the bottom course is somewhat smoothed, though not finally dressed, 
and it ends with a rounded fall at 8 inches above the rough pavement, the 
granite descending also 9 inches below the limestone. At the E.N.E. the 
line of finish of the side joint runs straight at 51° down the side of the 
block, but ends abruptly at an irregular outer surface some inches above 
the base. Similar rough terminations of the intended slope are scen at the 
E.S.E. and S.S.E.; the abrupt end being 6 to 18 inches above the limestone 
outside of the casing. Thus, in four out of five places where the casing foot 
is known, it is certain that the finished surface was not intended to run down 
in a slope to the rough limestone outside of it. It is most likely, therefore, 
that the face was intended, when finished, to end in a vertical foot ; and this 
would be covered by the pavement to be afterwards added. ' 

What, then, is to be reckoned as the size of the true base of the Pyramid ? 
Not the present edges of the granite, for they are utterly rough. And not the 
ends of the fine-dressed edges of the joints, for they end at various levels. But 
looking to the fact that all the courses of granite are intended to be equal, and 
a rather short two cubits each, it seems most suitable to take a mean of all the 
granite courses (since the upper are not thinner than the lower ones), and reckon 
the intended base of the Pyramid at one mean course height (40°3 + 1°5) below 
the first joint. Remembering also that the Second Pyramid courses average 
two cubits each near the base, and the bottom course was just two cubits above 
the pavement. 

80. At this level, then, the various data of the intended surfaces give the 
following size for the base, reducing those data that are on higher levels by the 
angle 51° O' :— 


Length. ference’ angle. Difegnce 
N ae bt +16 48” +2’ 45” 
E. R : 4149°2 —4'4 +12’ 23” —1' 40" 
S. ‘ ; 4157°8 +4'2 +12’ 57” —1 6 
W. , ; 4153°9 + °3 me ve 
Mean . : 41536 30 +14° 3” I’ 50” 


The N. end of the W. side could not be reached, after several attempts ; and 
hence the lack of knowing the length of the N. or azimuth of the W. side. 

The above results are from the best data of each part, but there are other 
points-which are useful as checks. The actual points used are: at N.N.W,, 
finished line on top of 4th course ; at N.N.E., close joint of face on Ist course; 
at E.N.E., line of finish along the side of casing, at adopted base level ; at E.S.E., 
foot of rough casing, which is further in than even the joint surface requires ; 
at S.S.E., finished line on top of 3rd course ; at S.S.W., close joint on face of Ist 
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20 7988 G) 15 6064 10 40I1'0 5 197°7 
399 | § 42°6 41'9 30°8 
r 19 7589 x 14 563'8 9 3591 4 1609 
5 9] ° 39°9 427 38°6 
® 18 725°0 13 5239 8 3164 3 122°3 
o 35°6 42'8 40°3 
5 17 689°4 12 481°! 7 276°! 2 81'°5 
44°2 38°7 42°4 41°2 
— 16 645°2 Il 4424 6 2337 I 403 
38°8 41'4 36°0 40°3 


The full height of the bottom course is: N.E., 45°5; S.E., 55°3; S.W. 43°7. 
The granite is here marked as ceasing at 645:2, ze., including the lower 16 
courses. The reasons for this are: (1) the highest remaining fragments of 
granite (mere back ends of casing stones) are at the same level on each of the 
sides; hence, the granite must have come as high, and probably did not go 
higher, as all the pieces are on the same course; (2) there is a thicker course 
next over this, as if some great change took place there, and a fresh start was 
made ; the 17th course is thicker than any other course of the whole Pyramid, 
and is followed by a course thinner than any that underlie it; (3) Diodorus 
states that the casing was of black stone up to the 15th course, and like the 
other Pyramids above that level. Now, by the stumps of the stones the granite 
must have come to the 16th, and probably the lowest course was covered with 
sand in his day ; but it is unlikely (unless we credit him with loose errors like 
modern guide books*) that the casing went much higher. Hence the strong 
suggestions (1) and (2) are confirmed by (3), and may well be accepted. 

This being settled, it is worth notice that the granite just covered one 
quarter of the height of the Pyramid, the total height being 4x64144. Con- 
versely this may be taken as giving a determination of the original total height, 
perhaps more accurately than by the varying angles of the casing, thus :-— 


645°2 (=°5 (?) for uncertainty of paving) x 4—=25808+2' 
And this yields an angle of 51° 10’ 30’=t1’ 20”. 


The mean planes of the edges of the core masonry are far more irregular 
than those of the Great Pyramid. At the base level adopted they are 4,082 on 
E., 4,077 on S., and 4,109 on W., averaging 4,089 apart; and their mean distance 


“In one of the most scientific of guide books it is said that the Third Pyramid cannot be 
ascended (it is easier than the Great Pyramid) ; and that it was “ covered with s/ads of folished 
granite, and the upper part with rough stones /” or, making matters worse still, “in the case of 
the Third Pyramid the whole surface was to be, as it were, veneered with slabs of granite!” 
showing that the writer had never realised the proportions of a casing stone. But descriptions 
of the Pyramids are usually replete with extraordinary mistakes—“ granite” for “limestone,” 
“height” for “ width,” &c. 

Q 
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of the N. face of the Pyramid by intention—z.e, as laid off by the builders.* 
Now this is exactly the breadth of this enclosure (6,196 to 6,275), and is equal to 
300 cubits of 20°66. Hence the design of this W. enclosure is a square of 300 
cubits, W. of the peribolus wall and S. of North face of the Pyramid, while its 
N. wall is advanced to the line of the N. peribolus wall. The W. wall of the 
enclosure is nearly straight, two points fixed on it lying 3 and 12 inches outside 
a line joining the corners. 

The total length of the W. wall of the peribolus, 14,049 from corner to 
corner (D to J), does not seem to have any simple relation to other parts ; and 
the only connection observed in it is that the distance of the S.W. corner (J) 
from the S. wall of the enclosure (F) is equal ta the distance of the W. peribolus 
from the side of the Pyramid. The measures are :— 


S.W. corner (J) to S. wall of enclosure (F) ... +» 4,450 
W. wall peribolus, from W. side Pyramid ... ws 4,450 
Or N.W. corner peribolus to line of galleries (C)  ... 4,451 
S.W. corner (J) to branch wall (at K) 8,897 = 2 x 4,448 


This length is necessarily (375 —160) cubits by the previous relations ; and the 
mean 4,450, equals 215 cubits of 20°70. 

So it would seem that these walls had not been planned all in one design, 
but added on by different schemes; referring more or less to the Pyramid, 
and using round numbers of cubits in general, but getting more complex 
quantities by addition or subtraction of simple lengths. The irregularity of the 
S. peribolus wall exactly agrees to this view, as it is impossible to suppose its 
skew and bowing line to have been laid out along with the very regular lines of 
the other parts. 

The end of the S. wall runs through the side of a large mound, and 
disappears, so that it could not be exactly fixed. The end of the branch wall 
likewise runs through the side of a mound, and then ceases. These mounds 
would have been cut through, had time allowed. The temple on the E. side of 
this Pyramid appears to have been the most perfect that was visible at Gizeh in 
1755; and Fourmont mentions four pillars as then standing in it. It has now 
lost all its casing (used by the Mamelukes for houses at Gizeh), and merely the 
core blocks remain, weathered away in some parts so as to have fallen over. 
The marks where the walls have been cut, to fit in the backs of lining blocks, 
show that it was cased (probably with granite) like the temple of the Second 
Pyramid and the Granite Temple. 

The causeway is just the width of the entrance passage walls ; it is built of 


* To understand a scheme it is necessary to take measurements, as far as possible, in the 
same order that the builders took them—z.e., including their mistakes in each step of the laying 
out ; and so see, not what errors there are from a mathematically rigid plan, but what errors 
there are in each part as it was planned. 
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large blocks, and raised, probably, 20 or 30 feet above the plain, though the 
sides are now much hidden by sand. It ran down the hill for about 800 feet 
from the temple ; but it had no connection with the other causeway, situated 
half a mile further E. in the plain below, though they are often confounded 
together. The lower causeway is not in the line of the upper, nor parallel to it ; 
and it only ran up to the quarries in the limestone hill, which is such a striking 
feature in the neighbourhood. 

There was a considerable village of Grzco-Roman age around the Third 
Pyramid. A great amount of crude brick and pottery lies on the S.E.; crude 
brick is also found on the causeway, and is mentioned by Vyse as found on 
the pavement at the N. side. 
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CHAPTER XI. 
THE INSIDE OF THE THIRD PYRAMID. 


84. THE entrance is in the fourth course, or from 165°3 to 202’! vertically 
above the base; it is in the middle of the face, unlike that of either of the 
larger Pyramids. The centre of it is 2078-9 from the E. side of the Pyramid ; 
and though we do not know the exact length of the N. face, yet this is precisely 
half the length of the S. face. 

The azimuth of the passage is + 13’ 16”, which is just between the 
varying azimuths of the Pyramid sides. 

The granite just around the doorway has been dressed down to pretty nearly 
its final surface, but there is no trace of decoration or inscription.* The edges of 
the doorway are much broken away, so that no remains of any means of closing 
it can be traced. 

The entrance passage is built of granite, until it enters the rock, in which it 
is afterwards cut; and all the chambers of this Pyramid are entirely hewn in 
the rock. 

85. Just beyond the foot of the slope of the passage, it opens into the first 


chamber. This is symmetrical on each side of the passage, and the sides 
measure thus :— 


N. 125°5 S. 124'2 E. 153°7 W. 153°9 
The ends are divided in equal thirds, by the doorway and the two side spaces, 
like the lower chamber of the Second Pyramid. 
N.E. 41'°9 420 41°6 N.W. 
S.E. 40°8 4r'l 42°3 S.W. 
Both the sides and the ends are decorated with the panel ornament (PI. xii.) so 
universal in the earliest tombs, but not used before in a pyramid. The mean 
dimensions of this panelling are marked on the diagram. The granite lintel of 
the south door of this chamber is lying on the floor. It has a half-round drum, 


* The name of Menkaura, recorded by Diodorus as being on the N. side of this Pyramid, 
was probably cut in the bold characters of the early kingdom upon the limestone above the 
granite, easily visible, but safe from idle mischief. 
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other chambers. The granite lining and floor of it is built in; and in order to 
introduce the roof-blocks a hole is cut from the end of the second chamber, into 
the top of the lower chamber. The roofing is not by beams, as in the King’s 
Chamber, nor by cantilevers, as in the Queen’s Chamber of the Great Pyramid; 
but by sloping blocks resting one against the other with a thrust, the essential 
principle of an arch. The under-sides of these blocks are cut into a barrel or 
hemi-cylindrical roof, like passages in tombs of the early period. This cavity 
above the roof, entered from the second chamber, was originally closed ; but the 
masonry has been forced out, and now the tops of the roofing slabs can be easily 
seen. These have been quarried by means of a groove, and holes drilled at 
intervals to determine the cleavage plane; as was the roofing of the spaces 
over the King’s Chamber. The introduction of these massive blocks through 
such a small space, and the placing them in such a confined position, is a good 
piece of work. 

This granite chamber is not at all as regular in form as it is in appearance. 
The walls measure thus :— 
-E. 260°75. W. 258°83. 
N. 104°06, near N. 103°85, mid. 103°80, by door 103°7, over door, 103'50, S. 103'25. 
Height | Nw 105°8, N.E. 105°7, S.E. 105°4, S.W. 105'9; 

N. mid. 134°6, mid. 134°6, S. mid. 135°5. 

The doorway is 54°52 wide, and one side of it in the plane of the S. wall. 
The courses at the door (S.E. corner) are: 


27°6 on floor, 26°5 next, 26°7 top of door, 24°2 over door ; total 105°2. 


88. Beside the first, second, and granite chambers, there is a loculus 
chamber : this is.entered by a flight of steps turning out of the passage to the 
granite chamber. These steps are by far the earliest known in any building 
or excavation: they are six in number, and their breadths are from 10°5 
to 12 inches, averaging 11°3. This loculus chamber was doubtless intended 
to contain coffins, judging by the sizes of the recesses. The chamber is on 


N. 74:0, S. 77:0, E, 211, W. 205°1 ; 78:2 high on N., 800 in mid., 78°2 on S. 


The doorway is in the S. wall at 38:0 to 73°9 from the E. side. In the E. wall 
are four loculi, and in the N. wall two, of the following shapes :— 


From S. wall. Width. Height. Depth. 
100 to 42°7 32°7 59°5 1024 
65°1 to 989 338 56°8 101 
In E. wall 120°2 to 153°6 33°4 §5°3 1014 
1760 to 208° 32°0 55°3 97 
From E. wall. 
O to 27°5 27°5 (avout 10I 
ee { 483 to 74-0 25°7 55) 102 
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CHAPTER XII. 


THE LESSER PYRAMIDS OF GIZEH. 


go. OF the smaller Pyramids I had not time to uncover the bases, nor to 
open those now closed. Only two of them remain open at present, the northern 
and middle ones by the Great Pyramid. 

The northern one by the Great Pyramid (marked 7 by Vyse) has the 
azimuth of its passage axis —-14’ 40'+20'; but the passage narrows to the 
bottom, being 41°5 at 520 up it, and only 4o’0 at bottom; hence the azimuth 
of the sides of the passage is about —9’ on E. and — 20’ on W., so that we may 
say — 15’+:2’, considering the possibility of the axis being better adjusted than 
either side. 

The entrance passage, from the end of its sloping part, proceeds 
horizontally, cut in the rock for 111°4 measured on roof; the edge of the roof is 
bevelled 17°5, however, so that the really flat roof is only 94. The passage then 
opens into a chamber, whose floor slopes down to the S. This sloping floor 
ends in a flat part, along the S. side of the chamber, 38°3 wide; from the W. 
end of which starts another sloping passage leading down westwards into the 
coffer chamber. The upper chamber is: 


On N., 69°7; on S., 69°9; on W., 167°9. 


The sloping floor is (167°9 - 38°3)=129°6 wide horizontally ; 486 below 
ceiling at N., and 115°8 (W.) to 116°0 (E.) below the ceiling at S. end. The 
angle, therefore, between it and the flat ceiling is about 27° 29’. The floor is 
much damaged by the tearing out of various blocks which had been inserted to 
make good flaws in rock. 

The most remarkable feature in this chamber (which is entirely rock-hewn) 
is the cutting made to get the coffer passed through it into the lower chamber, 
this last being entered by a passage turned at right angles to the entrance 
passage. In order to turn the coffer, a recess was needed in the E. wall, 
opposite the mouth of the passage to the lower chamber. This recess ends at 
the S. wall, and is 77°3 long on the E. wall, but slopes at its N. end, so as to be 
only 68:1 long on its back. It is cut z0’7 into the wall, and its roof is 45 to 48 
below the ceiling, so that it is 68 to 71 high. It has never been filled up with 

R 


Sect. 91.] MIDDLE SMALL PYRAMID. 123 


The lining blocks which remain are of the following thicknesses :—S.E., 30°8.; 
W.N.W., 31:0; N.N.W., 251 to 26°5. The doorway sides are 363 from N. 
oe or 10(?) from N. lining; and 92°7 from S. rock, or about 61 from S. 
ining. 

or: The middle one of the small Pyramids by the Great Pyramid (No. 8, 
Vyse) is almost exactly similar in arrangement to the preceding. The 
azimuth of its passage axis is — 3’ 20’-10”; but the difference in the width 
of the ends make the sides —1’ 20” on E., and —5’ 20” on W. Probably 
—3-1' is the truest statement. 

The sloping passage ends in a horizontal passage 112 long and 38°4 
wide, which leads into the upper chamber. The chamber ceiling 1s 13°2 
above the passage top, and is all flat. The floor slopes down southward, to 
a flat strip along the S. wall; and dips down within the chamber, to begin 
the floor of the lower passage, which turns out of the W. wall. The chamber 
is not square, from the E. side of the entrance to the E. wall being askew ; 
this E. side of it is really an enlarged form of the recess for turning the 
coffer and roofing-beams. 

The chamber, then, is on N. 63'7-+66°6 along diagonal slope to E. wall ; 
71'2 on E. wall; 1180 on S.; 1106 on W. The N. side consists of 38°4 
doorway, and 25°3 wall on W. of it, =63°7. 

The slope-ended recess, or eastern enlargement of the chamber, would 
_allow a coffer 113 long to be taken in; more likely it was 95 or 100 long; the 
width being limited to 38:4 by the entrance passage. The necessary roofing- 
beams, for lining the lower chamber, could also be passed down. 

The upper chamber is 93 high, from the flat strip of floor on the S. of 
it; but the floors are all so encumbered, and so rotten, that no precise height 
can be taken. 

The sloping roof of the lower passage begins 584 below the chamber 
roof; and is 103°8 long horizontally. 


The lower chamber is lined, like that in the other Pyramid, with fine 
limestone. Its size is 


In rock ... 209°5 N. 212'°8 S. 2098 E. 209'°0 W. 
In lining ... (?) (?) (?) 121°6 W. 
The N. side of the rock has been cut away too deeply over most of it; but 
the chamber length is shown, by the lining remaining, to have been about 
121°6. As the largest beams that could be brought in (of 206 x 10°3 section) 
would be 164 long, there would be probably 15 inches of bearing at each 
end, and 10 inches allowed for free turning in bringing them in. 
There are red lines on the rock walls, showing where the planes of the 
inside of the lining were to come. These lines are on the S. wall at 28°38 
from E. and 2972 from W.; on the W. wall at 21°7 from S.; and on the 


124 THE LESSER PYRAMIDS OF GIZEH. (Chap. xit. 


E. wall at 20°9 from S. The corresponding casing actually measuring 28°2 
and 27°9, for the 29°2 lines; and 21°0 for the 21°7 and 209 lines; the small 
differences being due to irregularities in the rock cutting. 

There are no traces of the cementing-in of the lining above 32°8 or 330 
from the roof (except on the N. side); and this probably shows at about 
what level the walls ended, and the roofing-beams were put on. The doorway 
roof ends at 282 (N.) to 288 (S.) below the rock roof; and probably the 
ceiling-beams would be flush with that. The sides of the doorway are of 
polished rock, evidently never lined; they come at 136°3 from the N. rock 
wall, and 34’9 from the S. rock wall; the passage being 386 wide. 

A part of the casing of the southernmost of the Pyramids by the Great 
Pyramid (No. 9, Vyse) was accidentally uncovered by the Arabs digging for 
nitrous earth; and I measured it as follows :—52° 10’, 52° 28’ (both good 
measures), 52° 0’, §2° 25’, 51° O' (bad). Giving the good double, and the bad 
half, weight of the others, the mean is 52° 11:8’, 
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CHAPTER XIII. 
THE POSITIONS AND ORIENTATIONS OF THE PYRAMIDS. 


92. THE relative positions of the three larger Pyramids to one another 
were completely fixed in the triangulation, which included them all. The 
following are their distances apart, as measured on parallels inclined —5 to 
true N.—ze¢., at the mean azimuth of the First and Second Pyramids; and also 
the distances, and the angles from these parallels, of the direct lines from one 


Pyramid to another :— 


N. E. Direct. 
Centre of First to centre of Second Pyramid... 13 931°6 and 13 165°8=19 168°4 at 43° 22’ 52! 
. 5 Bs Third 99 ee 29 102°0 and 22 616°0=36 857°7 at 37° 51’ 6” 
9% Second _,, - 9 «+ 15 1704 and 9g 450°2=17 8732 at 34° Io’ 11” 


There does not appear to be any exact relation between their centres, or 
between the corners; and from the nature and appearance of the ground, 
and the irregularity of the peribolus walls, it would not seem likely that any 
connection had been planned. 

93. The orientation of the Great Pyramid is about 4’ West of North; a 
difference very perceptible, and so much larger than the errors of setting 
out the form (which average 12”), that such a divergence might be wondered 
at. When, however, it is seen that the passage, which was probably set out 
by a different observation, nearly agrees in this divergence, it seems unlikely 
to be a mere mistake. And when, further, the Second Pyramid sides, and 
also its passages, all diverge similarly to the W. of North, the presumption 
of some change in the position of the North point itself, seems strongly 
indicated. The Third and lesser Pyramids are so inferior in work, that they 
ought not to interfere with the determination from the accurate remains; they 
would, however, scarcely affect the mean deviation if included with the better 
data. The azimuths of the two large Pyramids are thus :— 


Great Pyramid, casing sides. ; ‘ . —3 43” p 

r core s : ; y . 5 16’10" 
Second _,, casing ,, . : . —5’ 26°416" 

< 3 passage (Smyth) . » 6 5) 37 10?) 
Great : 2 : ; : . —5' 49’ 7” 
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As to the adequacy of a cause for such a change, it is hopeless, in our 
ignorance of the exact amount and velocity of the ocean currents at different 
depths, for us to strike a balance of them, and see how much motion is 
outstanding to affect the axis of rotation. But we can at least see what sort 
of proportion the required effective current would bear to the whole of the 
currents. Assuming a change of place of the axis amounting to 1’ in 1,000 
years, it seems that a ring of water circulating around the earth, across the 
Poles, at 1 mile per hour, and only 4 square miles in section, would suffice to 
cause such a change. This is an amount of unbalanced, or outstanding, current 
which is quite imperceptible in the balancing effects of the various ocean 
currents; and therefore amply accounted for by existing and known causes, 
even apart from atmospheric currents. 

Thus the apparent change in the axis of rotation shown by the orientation 
of the Pyramids, is of the same order as a change actually observed. It is also 
far within the changes likely to be produced by known causes, and the uniform 
deviation is otherwise unaccountable in its origin. Hence it appears that it may 
legitimately be accepted as a determination of a factor which is of the highest 
interest, and which is most difficult to observe in any ordinary period.* 


* Careful re-determinations of the meridians fixed in the beginning of the Ordnance Survey 
might be of value ; as (according to the Pyramids) a change of 5" might be expected in their 
azimuths. 
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were cased over by massive blocks of granite or of alabaster. The upper 
temple has been far more destroyed than the lower; only a few blocks of its 
polished granite remain, and its ruins are half buried in heaps of chips of 
alabaster,* limestone, and granite. It had a sloping ascent, like the lower 
temple, probably to a court over the roof of its chambers; and innumerable 
fragments of polished diorite statues, beside alabaster vases and inscribed 
ornaments, are mixed together in the rubbish, evidently derived from the 
destruction of statues like those of Khafra, which were found dashed into the 
well in the lower temple. 

96. The lower temple, or Granite Temple, which has also been called the 
Temple of the Sphinx, was apparently a free-standing building, like the upper 
temple. This is not the view of some who have seen it, and who suppose that 
it is a rock-excavated work, lined with granite, at least in the lower parts, for 
the upper half is manifestly built. But Mariette (Rev. Pol. et Lit. 6 Dec., 1879) 
expressly says that it is all built; and he describes the outer surfaces as being 
smooth, and “ ornamented with long grooves, vertical and horizontal, skilfully 
crossed,” which seems to imply a design like the lattice-work pattern of the 
early tombs. As far as the outside can be now seen, to about fifteen feet above 
the base, it is built of megalithic blocks ; and in the inside a rough chamber, to 
which an entrance has been forced, shows the hidden construction; and here it 
is all built of immense blocks of limestone, resting on a bed of rock at the base 
level of the temple. Again, just outside it, on the N.E., is an enclosure of crude 
brick and rough stone, lately cleared, and there the rock is at about the level of the 
base of the temple. It seems most probable, therefore, that it is entirely built ; 
though possibly heaped round with stones and sand on the outside, like the 
tombs on the S. of the Great Pyramid, and at Medum. Until the outside shall 
be cleared, and the construction put beyond doubt, the evidence points to this 
resembling the upper temple in every respect. 

The arrangement of the Granite Temple will be seen from the plan, PI. vi. 
The causeway from the upper temple runs down the hill, in a straight line, into 
the passage which slopes down into the great hall, The pillars in this hall are 
all monoliths of dark red granite, like that of the walls; they are 41 inches 
(2 cubits) square, and 174'2 high, weighing, therefore, about 13 tons each. The 
two larger pillars, placed at the junction of the two parts of the hall, to support 
three beams each, are 58 inches wide, and weigh over 18 tons each. All these 
pillars support beams of granite, which are likewise 41 inches square in the 
double colonnade, and 47°8 to 48°4 deep jin the single colonnade, where their 
span is greater. The shorter spans are 128, and the longer 145 inches; so that 
the beams are not as heavy as the columns, the two sizes being 94 and 12$ tons. 

* This is carbonate of lime, in crystalline nodular sheets ; and is called Oriental alabaster, 


by the wide use of that word for both sulphate and carbonate. 
) 
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The history of the opening of this secret chamber seems to have been that 
in destroying the temple, for the sake of building stones, the pillagers began at 
the S.E. and S.W. corners ; here they pulled stones away until they opened into 
this chamber, and then, finding a granite wall on one side of it, they dragged 
out the smallest block, and so broke through into the passage. A clearance of 
the outside of the temple is needed, however, to settle this as well as other 
questions. 

Another covered chamber also exists, branching from the entrance passage; 
this is built of alabaster and granite. Opposite the entrance to it is a doorway, 
leading to an inclined passage, which was the ascent up to the former roof of 
the great hall. This passage is of alabaster, and the upper doorway of granite. 

The whole of the area above the great hall appears to have been at one 
level, and to have formed a large uncovered court, surrounded by high walls. 
That it was not subdivided into chambers would appear from the character of 
the facing of the wall, which remains in one corner over the six loculi. This 
wall is of fine limestone, and not of granite or alabaster, which were used in 
covered parts of the building ; and it has a considerable batter, unlike the walls 
of the halls or chambers below, and only resembling the external walls of 
tombs. Each feature shows, therefore, that it was open to the sky. As no 
temples more complete than this are known, except those built one to three 
thousand years later, it is unsafe to argue by analogy; but still there is no case, 
‘I believe, of a second story to a temple; and smaller temples over the large 
one (as at Dendera) are of the character of additions built in a court on the roof, 
and not upper stories as parts of a whole design. 

The ventilators are a peculiar feature of the building, though somewhat like 
those to be seen in the tombs. They were formed by sloping slits along the 
top edge of the walls, a few inches wide, and usually 41 inches long. Only one 
remains perfect, that opening out of the chamber of loculi; this slit opens into a 
tectangular shaft, which rises to some way above the roof, and there opens with 
a square mouth of alabaster on the face of the upper court wall. Tle mouth is 
on the same side of the shaft as the slit; and hence the only light entering is 
reflected from the side of the shaft. The slits cut for these ventilators exist 
all along the Western part of the great hall, and are marked on the walls in 
the plan. 

The Eastern hall appears to have been formerly much higher, probably as 
high as the smaller chamber on the N. of it, which rises several feet above it. 
The signs of this are the absence of ventilating slits along the present tops of its 
walls, and the two large recesses at each end of it, which are now less than 
half their original height. What these recesses originally were like may be seen 
by a similar recess in the small chamber at the N.end. Here is a large recess 
in the W. wall, quite rectangular, and free from any ornament, like all the other 
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flat, and free from scratches. It is difficult to see what was the use of sucha 
stone, or how the doors were worked. 

98. This Granite Temple, then, appears to have been a mass of masonry, 
probably cased externally with fine limestone; and measuring about 140 feet 
in each direction, and 40 feet high. This contained a hall about 60 feet long, 
12 wide, and 30 feet or more in height, with a large recess at each end 
containing a statue. These recesses were high up above the doors which led 
into lesser chambers, also containing statues, and from which outer doorways 
may have led. Beside this hall there was the great hall, entered by a doorway 
over 8 feet wide and 14 feet high, and dimly lighted by its ventilators; one 
part of this was 81 feet long, 22 wide, and 19 feet high, the roof supported by 
six massive pillars; while the remainder was 55 feet long, 33 wide, and 18} 
high, with its roof supported by ten of the same monolithic pillars. There 
were also six loculi, each 19 feet long, in one of the side chambers. Over 
all this was the open-air court on the top, reached by a sloping passage 
of alabaster, and cased with fine white limestone ; its area about 80 feet by 100 
feet, and the walls around it over 15 feet high. From the great ceiled halls of 
dark red granite—with their ranks of square monoliths, and vistas as much as 
100 feet in length, all dimly seen by the light reflected through the openings 
along the roof—the main passage led out in one straight line, up the wide 
dazzling white causeway, for more than a quarter of a mile; thus entering the 
similar temple that stood before Khafra’s Pyramid, richly furnished with 
statues, bowls, and vases engraved with his royal name and titles. 

99. The date of the Granite Temple has been so positively asserted to be 
earlier than the fourth dynasty, that it may seem rash to dispute the point. 
Recent discoveries, however, strongly show that it was really not built before 
the reign of Khafra, in the fourth dynasty. 

The main argument for its earlier date is the mention of the “ Temple of 
the Sphinx,” in the celebrated tablet discovered at Gizeh. But I found that the 
building to which this tablet belonged was of the twenty-first dynasty ; and, as will 
be seen in the “ Historical Notes” (section 118), this tablet is either a refurbished 
and altered copy of an older inscription, or more probably an entire invention. In 
no case, however, would it be certain that the Granite Temple was the identical 
temple of the Sphinx, rather than the temple of Isis, or that of Osiris, which are 
also mentioned ; and there may easily have been other temples in the neighbour- 
hood, whose foundations are as unknown now as the whole Granite Temple 
was a generation ago. The whole reasoning turns on the supposition that 
a building which is near the Sphinx, though not known to be in any way connected 
with it, is yet necessarily identical with a temple of the Sphinx, mentioned on a 
tablet which has internal evidences of being untrustworthy, and which was 
written about a couple of thousand years after the time mentioned upon it. 
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destroyed, appears to have been lined with granite, like the temples of Khafra ; 
many large pieces of polished granite are to be seen lying on the S. side of the 
basalt paving ; and on the E. side, in the inner end of the E.N.E. trench, is a 
block with two adjacent faces, and a third worked surface on it is precisely 
like that of the holes for the pivot blocks of the doors in the Granite Temple. 
Again, when excavating on the basalt pavement, at the middle of it, I found 
several large hewn blocks of granite, mixed up with the blocks of basalt which 
lie all torn up there. By the basalt paving I] also picked up several flat pieces 
of diorite ; some polished, and others rough-dressed as for cementing in a 
building. To understand somewhat more of the nature of this part, the whole 
site of the basalt paving and around it should be cleared of sand and chips, and 
all pieces of granite and diorite carefully noted down. 

The great rock-cut trenches on the E. of the Great Pyramid have every 
appearance of having been lined with fine stone ; not only in each of them are 
blocks inserted with plaster, and other plaster remaining, but the surfaces are 
very irregular, and certainly not final; and in most parts the characteristic 
recessing is to be seen, cut out to hold the irregular backs of the lining blocks, as 
they were fitted one by one, exactly as in both of the granite-lined temples of 
Khafra. This recessing can never occur from any cause, except the actual fitting 
in of the irregularities of the individual blocks of lining; and it must always 
show, not only that a lining was intended, but that it was also fitted in. Again, 
the irregular, but flat, l.dges on many parts (such as around the inner end of the 
S. trench, and along the sides of the E.N.E. trench) are exactly what would be 
made for fitting blocks of lining. Now the width of the inner end of the S. 
trench is only 134 inches, and that of the E.N.E. trench 170, and its outer end 
150; and lining blocks can hardly be reckoned at less than 30 inches thick, 
considering the height was 20 feet; hence these trenches must have been 
narrowed to long vertical slits or crevasses about 5 or 6 feet wide, 20 feet deep, 
and 160 feet long, lined with costly polished stone. 

Of the smaller trenches, the N.N.E. is partly built, and was almost certainly, 
by its form, position, and wear, a drain to carry off the washing of the -asalt 
pavement, or possibly for some sacrificial arrangement ; the other slight trench, 
at the N.E. corner of the Pyramid, has a uniform fall, as if for a drain. 

101. On the E. side of the Great Pyramid, among the rubbish near the 
smaller Pyramids, were found two pieces of the casing of a Pyramid, each 
unique. One is a piece of a basalt casing stone, with three worked faces, 2¢., two 
outer faces of a Pyramid, and the horizontal joint below them; being, in fact, a 
bottom corner of a ridge casing stone. The fragment is about 7 inches high on 
the faces, and 5 inches wide along the base. The joint surface is beautifully 
worked, by pick-dressing slightly ground ; being seldom over g inch from a true 
plane, and generally much less. The angle of slope must have been 51° 9’ + 5’, 
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the quantity of diorite chips; and for some pieces of diorite statues, and other 
dressed fragments, found a couple of hundred feet to the westward. There is no 
place so likely for the diorite to be brought from, as from the Great Pyramid ; 
since this site is the part of the hill edge nearest to the entrance, but not near to 
any other place. Unhappily, there has been such a large amount of quarrying 
and replacing in the Queen’s Chamber, and so much rubbish from there has 
been distributed elsewhcre, that it is vain to look for any diorite chips still 
remaining there. 

Beside the diorite on the above site, I found many fragments of polished 
statues, and probably thrones, among the rubbish overlying the tombs on 
the E. of the Great Pyramid; and also specimens illustrating tube-drilling, 
ordinary sawing, and circular sawing in diorite. For an account of these, see 
the “ Mechanical Methods.” 

Beyond the tombs south of the Great Pyramid, I found a piece of a statue; 
but this most likely came from the great site for such pieces, the temple of the 
Second Pyramid. There, in the rubbish, any quantity of chips of statucs, bowls, 
and other objects in diorite, may be found. Bits of statues large and small, 
fingers, toes, drapery, and hieroglyphs are readily to be picked up. 

Behind this Pyramid, in excavating the workmen’s barracks, I turned up 
several pieces of statues, both in diorite and alabaster ; these had been less worn 
than is usual with such fragments, and all retained traces of their colouring; 
black for hair, and green for dress, on the alabaster ; and uniform white plastering 
on the diorite. Beside these I found a small piece of diorite, hammer-dressed in 
curve, opposite the door of the Second Pyramid, on the rubbish. 

The exact position of all wrought fragments of diorite, should be carefully 
noted when they are found; as by this means many suggestions may be obtained 
as to objects that are now entirely destroyed. 
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case over about 40 inches wide ; if such was the case here, then the lining must 
have been 7 feet thick. Now, looking at the rock-pit, this would imply a 
chamber about 16 feet by 56 feet (or probably 17 feet, z.¢, 10 cubits, in width), 
the length of it being, perhaps, divided in separate chambers ; and what makes 
this the more likely is that, by this thickness of lining, the sloping roof-beams 
would lie on it and act as cantilevers without any thrust, just as they do at 
Gizeh and Sakkara. Perring considered that there were traces of superposed 
ceilings and spaces, like those over the King’s Chamber at Gizeh ; and such a 
covering seems very likely. Roughly observed, by the noon-day gun of Cairo 
the rock-cut passage is only 20’ W. of N.; this, at least, shows it to be as well 
oriented as could be expected in a mere rock cutting which was to be afterwards 
lined. 

An important question about this Pyramid is, whether it was ever finished. 
It has been often written of by Vyse and others as being unfinished ; and the 
rude stone hammers met with here have been classed as implements left by the 
workmen. We now know, however, that jewelled saws and drills were the 
tools used by Pyramid builders; and the rough stone hammers are of exactly 
the types belonging to the rude remains of Ptolemaic times. These, therefore, 
more probably tell of destruction rather than of construction. The great heaps 
of granite all round the Pyramid show that it has been cased with granite ; 
and as it is always believed that no casing was put on a Pyramid until the core 
was entirely finished, this is evidence of the completion of the Pyramid. The 
far larger heaps of granite in front of the entrance, show that it has been lined 
in part with granite. Now, all these heaps, like the hammers, tell of destruction, 
for throughout them broken pieces of worked surfaces of granite may be seen, 
some with two planes meeting; and also many blocks which have cleavage holes 
in them, are too large to be masons’ waste, and too small for casing blocks, but 
exactly such as would result from cutting up the casing. The large amount of 
masonry carried away is shown by the depth of 6 or 8 feet of chips lying on the 
top of the remaining courses; so that the objection that there is not sufhcient 
bulk here for the Pyramid to have been complete, is put to rest at all respects 
by the remains of what has been destroyed. 

Whether the body of the king was actually placed in the Pyramid or no, is 
a point of less consequence compared with the fact of finding pieces of granite 
coffer, and of diorite statue. The pieces of the granite coffer, which I observed 
in the rubbish which had been carried out of the inside, are some of them 
curved ; belonging, therefore, to a modified box-coffin, partially suited to the 
figure. One curved piece of coffer is 81 thick, and a plane piece is 10°2 thick. 
Besides this I found fragments of the diorite statue, including several pieces of 
the figure, and one piece of the throne. This throne had borne an inscription 
arranged exactly like that on Khafra’s large statue, and of the same scale ; the 
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of a beast of the pug-dog type. It is cased with yellowish Mokattam limestone, 
of the same quality as that of the Second Pyramid of Gizeh. This is broken 
away just round the bottom in most parts, also all over the top, and over a large 
part of the W. and S. sides ; the S.W. corner being so much ruined that it can 
be very easily ascended. The courses at the top are 20 to 21 inches high; a 
reputed cartouche of King Unas on one block is merely a royal bee. The 
casing blocks are very deep from back to front, about 80 inches ; though only 
20 inches high, and about 60 wide. They are more like layers bevelled off at the 
edges than a coating of “slabs of stone,” as such casing has been described. The 
joints are not quite horizontal, but dip inward a little ; they are very good and close. 

109. The most valuable part of the remaining casing is that of the door- 
way, as it shows the arrangement for closing the Pyramid (see Pl. xi.). On 
either side of the passage is a hole in the wall ; now very rounded and cavernous, 
owing to weathering ; but apparently about 3 or 4 inches in diameter, and 5 or 
6 deep, originally. These two holes are just opposite one to the other, the 
centres being about 13 inside the Pyramid, and 6 above the passage roof.* 
From the point above these holes, the roof slopes upward more steeply to the 
outside, being cut away ; the joint of the passage side, however, continues in a 
straight line. This formation of the passage seems exactly adapted for a stone 
door working on a horizontal hinge; the holes being for the bronze bearings of 
the pivot, and the cut-out of the roof being to allow the top edge of the door to 
rise when turning it on its hinge. 

Some way within this point is a vertical hole in the roof, 62 to 8:2 from the 
W. side, or 33°5 to 35°5 from the E. side of the passage; and from this hole 
inwards the roof is cut away horizontally for about 32 inches. It is plain that 
this is intended for a door, probably of wood by the smallness of the pivot, and 
working on a vertical hinge. The cut-out in the roof shows this by its length, 
which agrees with the width of the door required ; and also by its only 
extending over the eastern part of the roof, up to the pivot ; while W. of that, 
the 6 inches behind the door when opened, the roof slopes down as elsewhere. 
Unhappily, the floor is all torn up for 195 inches from the outside ; a layer of 
19 or 20 inches being missing from 36 to 195 inches, and a thicker amount of 
25 inches from 36 to the outside. Hence the lower pivot hole and other details 
are missing. At about 130 inches down the passage are two holes on each 
side, one near the top and one near the bottom; they are about two inches 
wide and one deep, flat on the N. and curved on the S. Probably they were 
for some fittings. 

The form of the outer stone door may be roughly estimated by the 
requirements and limitations of the case. A plain flat slab is what would 
probably first occur to the observer ; but such a slab, which must be 20 inches 

* The sides of the holes are 11 to 15$ on E., 11 to 16°2 on W. ; the tops and bottoms are 


4 to 84 on E. ; 2to 8 on W. 
U 
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though they are often confounded all in one class with the Mastaba-Pyramids * 
of Medumf and Sakkara (the Step-Pyramid), which are really of a different 
class, distinct in their system and construction. The Mastaba-angle of about 
76°, or a rise of 4 on a base of I, has been already described (section 103), and 
the usual Pyramid angle of about 52° is well known. The two are wholly 
distinct, and the examples of them do not merge one into the other. And it 
may further be stated that there are no true Step-Pyramids. Those commonly 
so called (at Gizeh, for instance,) are merely in process of destruction, showing 
the successive working platforms of the building, which rise far steeper than the 
Mastaba-angle ; and of one of the most step-like of all (the middle small one by 
the Great Pyramid), sloping casing may still be picked up around it, and found 
tm situ under the rubbish. There are only two of the so-called Pyramids that 
were not cased in a slope without re-entering angles ; these are the two Mastaba- 
Pyramids of Sakkara and Medum, which really consist of supeipesee Mastabas, 
with the characteristic angle of 76°.t 

The tower-like appearance of the Medum Pyramid is only due to the 
lower steps having been broken away. Not only may the places where the 
steps joined the existing surface be seen, but the lower part of each step-face 
may be found standing in the rubbish at the base (see F. F. in Pl. vii., drawn 
from a photograph). The roughened part of the face, where the step joined it, 
has been supposed to be for affixing some decoration or moulding ; but (beside 
the fact that such ornament is unknown in Pyramid architecture) the start of 
the top of the step may be seen in some parts projecting out from the face. 
The lower parts of the sloping faces which are still to be seen in the rubbish 
(well figured in Denkmiler) are also conclusive evidence of faces having 
existed outside of the present tower form ; these faces must have ended their rise 
and been joined to the tower horizontally, at some level ; and the probable equality 
of the steps would require them to join the body at just the places where the 
roughened lines of junction are still visible. An historical proof of the existence 
of the steps formed by these lower faces is given by Abu Abdallah Muhammed, 
quoted by Makrisi (circ. 1400 A.D.),§ who mentions a Pyramid built in five 
terraces, and called “ Meidoun.” It is true that he says it is the highest of the 
Pyramids, which it is far from being; but, from its situation in a plain, asa 


* Mastaba is the native Arabic name (adopted by antiquarians) for the sloping sided tombs, 
of about 76° angle, and Io to 20 feet height. 

t This name has always been variable. In the third dynasty it is Mefus,; Mariette, from 
some hieroglyphic source, spells it Afetum or Meri-tum,; Abu Abdallah Muhammed (antée, 
1400 A.D.) writes Afezdoun ; modern Arabs say .Vedum. 

t The Pyramid of Riga, near Abusir, is stated by Vyse to have had a slope of 75° 20’ on 
the upper part, and of 50° below that; if so, it was a Pyramid on the top of a Mastaba; but 
more excavation and critical examination of it is needed. 

§ See Vyse, ii. 354. 
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CHAPTER XVII. 


HISTORICAL NOTES. 


111. IN considering the arrangements of the early monuments, the questions 
of the invariability of the climate, and the state of the ground when they were 
built, become of interest. Was the sand as encroaching then as now? And 
did the builders anticipate the half-buried state of many monuments? 

In considering these questions we must first glance at the general course of 
Egyptian climate. The country has undoubtedly been gradually drying up. 
The prodigious water-worn ravines in the cliffs of the Nile valley show this ; 
and there are remarkable evidences of the Nile having been habitually some 
50 feet above its present level, thus filling up the whole valley at all times of the 
year. At many points of the Nile valley, particularly at Tehneh, the cliffs are 
all water-worn in holes, exactly in the manner of solution under water; while 
above this action, over about 50 feet level, the cliffs are worn by aerial denuda- 
tion in a wholly different manner : also the lower part projects forward as a foot, 
in front of the upper part, the action by water being apparently much slower 
than that in air, and tending to prevent aerial denudation afterwards. 

Besides this, at the foot of the cliffs, particularly at Beni Hassan, wherever 
the scour of the current was less, or ravines debouched into the main valley, 
large banks of aébris have been formed, showing the former power and height of 
the stream. That it was fed by local rains throughout its course is seen by the 
deep gorges in the cliffs, often a mile long, and ending in dried-up waterfalls. 
In the history of the Faium the same drying up is seen ; that district appears to 
have been originally a large lake, which has been gradually reduced, partly 
artificially, until it is now not a tenth of its former size. 

It therefore appears certain that the general change has been one of desic- 
cation ; and the inquiry to be made is, if there be any evidence to show whether 
this change has been continuing in historic times. 

Rain was certainly known in Lower Egypt in the Pyramid times, though 
there is but one evidence of it in the monuments ; the water-spout carved in 
stone, leading from the roof of one of the tombs of the fifth dynasty at Gizeh, is 
a proof that such a feature was known, and perhaps in common use on the mud- 
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belongs to this period, and which is equally rare, though more often mentioned 
by modern writers. This is Ra-tat-ef (or Doudew-Ra of the French), who 
is placed in the monumental lists next after Khufu, and whose name is only 
found in those lists, compounded in names of places, and as being worshipped 
with Khufu and Khafra at a late period. That he did not succeed Menkaura, 
as the name Ratoises in Manetho might indicate, is shown by the concurrence 
of the monumental lists, and by Aseskaf being both successor and adopted son to 
Menkaura. Here, then, are two names, Khnumu-Khufu and Ra-tat-f, apparently 
contemporary, and yet never found placed together. It seems not improbable, 
then, that these are the two names of one king ; that Ra-tat-f was the personal 
name of the co-regent of Khufu, the name given to his lands, and by which he 
was worshipped in later times ; and that Khumu-Khufu, or “he who is united 
with Khufu” (v. Ebers on Khnum), was the name of the co-regent when he 
was joined with Khufu in the government. It must be remembered that the 
duplication of names is always difficult to prove; and it is only by a single 
point of evidence in each case that the identity of such well-known kings as 
Kaka and Nofer-ar-ka-ra, of An and Ra-en-user, or of Assa and Tat-ka-ra, 
has been inferred. 

115. Khafra* has, on the strength of the historians, been considered by 
most writers as the builder of the Second Pyramid ; but there was, till lately, no 
monumental evidence on this point. About three years ago, however, the 
great causeway was discovered which led from the lower granite temple, where 
the statues of Khafra were found, to the upper temple by the Second Pyramid. 
A closer connection of Khafra with this upper temple, I was happy enough to 
find while there ; from the heaps of chips in the temple, I obtained (without 
excavating) a piece of white magnesite, steel-hard, with part of the cartouche 
and standard of Khafra, exquisitely cut ; and also a piece of alabaster with the 
cartouche alone. Besides this, the base of a diorite statue that I found here, is 
of just the same gauge as a piece of the base and feet of a small diorite statue 
that I picked up at Sakkara, inscribed “....nofer nuter, neb khaui ... .” 
and which is therefore almost certainly of Khafra. The finding of these 
cartouche fragments gives the clearest monumental proof that has yet been 
obtained of the Second Pyramid belonging to Khafra. It. may be mentioned 
here that I also picked up at Gizeh a piece of diorite bowl inscribed “. . nofru”; 
perhaps, therefore, of Senofru; and another piece with the standard of Khufu. 

116. The attribution of the Third Pyramid to Men-ka-u-ra, the successor of 


Khafra, is disputed ; and the reasons for doubting his sole ownership appear to 
be as follows. First, that the Pyramid has certainly been altered from its first 


* Here, again, Herodotus retains the final vowel, though adding a nasal in Khefrena. 
X 
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occupant of the Pyramid was the same king that we have already seen must be 
the earliest builder of it ; so that any double origin, or later appropriation of it 
is thus contradicted. 

The evidence from the character of the work is entirely in favour of its 
being of the fourth, and not of the sixth dynasty. The panel ornament both in 
the first chamber and on the coffer (which is like that of tombs of the fourth),— 
the absence of any stone-cut inscriptions, such as cover the walls of the pyramids 
of the sixth dynasty,—the use of granite for the lower: casing, and for the lining of 
a passage and chamber,—the position of the Pyramid in relation to the others,— 
the peribolus of the Pyramid of Khafra being unfinished when the Third Pyramid 
peribolus was being built,—and the absence of any remains of the sixth dynasty 
in the neighbourhood,—all these characteristic features point clearly to the 
dynasty, and even to the reign, of Menkaura successor to Khafra. 

The socket cut in the floor of the upper chamber, which Perring thought 
might be for a second coffer, was also suggested by him to be for holding a 
blind coffer to deceive explorers. It may very possibly have been intended 
to hold the basalt coffer, for which afterwards another finer and more secret 
chamber was prepared ; or it may very possibly have held the base of a diorite 
or basalt statue of Menkaura. In any case no coffer, or fragments of one 
belonging to this place, was to be found. 

The evidence of Manetho is not quite certain in the mere extracts that we 
possess ; he only mentions that Nitakerti built “the Third Pyramid,” without 
saying where it was; and it is only a presumption that it refers to the same 
group as “the largest Pyramid,” which he mentions 20 reigns earlier. It might 
have referred in the full original text to one of the Sakkara groups, where we 
should naturally look for works of the sixth dynasty. 

Diodorus Siculus, though saying that Menkaura died before the Pyramid 
was finished, yet expressly states that he was a son of Khufu. The unfinished 
state of the granite casing, and absence of pavement, exactly accord with the 
premature death of the king. 

Thus the four reasons for doubting the earlier date of this Pyramid are 
reversed or neutralized on examining the details ; excepting the testimony of 
Manetho. The choice then lies between—on the one hand, Manetho being 
misunderstood, or in error by confounding Menkaura and Menkara ; or, on the 
other hand, ignoring the spelling of the names,—the character of the construction 
and decoration,—the situation of the Pyramid,—the connections of the peribolus, 
—the date of the neighbouring tombs,—and the testimony of Herodotus and 
Diodorus. 

117. Regarding the age of the brick Pyramids, it is well known that such 
were built in the eleventh dynasty by the Antef kings at Thebes; and probably in 
the twelfth dynasty by Amenemhat III. at Howara, by the side of the labyrinth in 
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then an exact copy of any earlier tablet ? This can only be judged by its matter, 
and on looking at the figures represented on it, it will be seen that they are such 
as are not found on early monuments ; they comprise Osiris, Isis and Horus, Isis 
Selk, Khem, Bast? the human-headed urzus, and the sacred bark. Of these, 
scarcely one can be found on any monument, public or private, of the Old King- 
dom ; not all of these figures could be matched under the twelfth dynasty ; even 
the monuments of the eighteenth and perhaps nineteenth dynasties do not often 
show such an assemblage together ; and it would be an entire novelty to find such 
a company on any stcle that Khufu could have seen. In the inscription itself, more- 
over, Osiris is repeatedly called “ Neb Rustau,” or, “lord of the abodes of the 
dead ” (Brugsch): this title is one that does not occur in any of the dozen of 
inscribed tombs of the Old Kingdom that are visible at Gizeh ; but it is found 
repeatedly in this temple, built by Petukhanu in the twenty-first dynasty, from 
which this tablet came. Also, though Pyramids are often mentioned in early 
inscriptions, Isis is never connected with any of them, and her name is hardly 
ever found in Pyramid times; so that the title of “‘ Patroness of the Pyramid ” 
seems (like “ Mother of the Gods,” also found there on the tablet) to be as late 
an invention as “ Neb Rustau.” 

Thus, by all that can be so clearly seen of the well-marked styles and 
characteristics of the different periods of Egyptian art and religion, and by 
the titles here used, this tablet is relegated to the third hypothesis, and stands 
as an invented inscription designed for the decoration of the temple. This 
relieves us from an apparent anachronism, as no trace of a Sphinx in statuary, 
tablets, or inscription, is to be found until the Hyksos period ; and such a form 
was not common until after that. It would seem, therefore, to be an Asiatic 
idea, akin to the human-headed lions, bulls, and dragons of Assyria and 
Babylonia. In any case, the allusions to the Sphinx in this tablet were merely 
topographical, and might be struck out or inserted without altering the sense 
of it; hence, even if it were a refurbished copy of an older inscription, it would 
not be of critical value in relation to the age of the Sphinx unless its rigorous 
accuracy and freedom from additions could be proved. 

119. Though the age of the foundation of buildings is always examined, 
yet the date of their destruction is often of greater historical importance. The 
many erasures of the names of Set, of Amen, of Hatasu, and others, show very 
important changes, and the mode in which many of the remains have been 
destroyed is also very suggestive. The Pyramid of Pepi shows one of the 
most striking examples of spiteful violence that may be found. Such 
destruction is commonly attributed to the Persians, or the Hyksos; but the 
details seem to show violence of an earlier date. In the passage of this 
Pyramid, the name Ra-meri is chopped out in almost every place, without 
the rest of the inscription being attacked. This shows a personal spite, beyond 
the mere destructiveness of an invader, and which can hardly be accounted 
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Hatasu at Karnak neither Amen nor Hatasu are erased. This suggests that 
the fallen obelisk may have been overthrown by Khuenaten, perhaps to destroy 
the name of Amen; and as it lies upon a high mound of fragments of the works 
of his predecessors, Tahutmes I. and Amenhotep III, it is not at all impossible 
that such was the case. It is, in fact, so curiously perched, exactly along the 
top of this mound of rubbish, as to suggest that the mound was placed to 
receive it, and perhaps it was broken by careless letting down. To Khuenaten, 
also, may well be due the careful abolition of the great temple of Amenhotep 
III. at Thebes, of which but two colossi remain erect. 

It may seem a strange idea that there should have been ruins lying about, 
while the Great Hall was being built close to them, by Seti I. and Ramessu II. ; 
but it is certain that such wasthecase. In the pylon of Horemheb stones may be 
found with defaced cartouches of Khuenaten on their inner sides; and the 
columns of the eastern temple of Ramessu II. are clearly built of ruined 
polygonal pillars of Tahutmes I., plastered over, and roughly fitted together. 
So, probably, ever since the dilapidation of the first temple of Usertasen, Karnak 
has always shown an increasing amount of ruins, often worked up into later 
buildings, which in their turn were ruined ; the destruction being partly due to 
fanaticism, and partly to later builders, who would worship their predecessors 
while destroying their works ; somewhat in the spirit of Caracalla, who deified 
Geta, saying, “ Let him be a god, provided he is not alive.” 

120. The accuracy of the descriptions of the Greek travellers deserves 
notice, as’ they are often much more accurate in their facts than modern 
writers. Herodotus* states the base of the Great Pyramid to be 8 plethra, or 
800 feet, and it is actually 747 Greek feet ; so that he is as accurate as he 
professes to be, within about half a plethron. The height he states to be 
equal to the base ; and the diagonal height of the corner (which would certainly 
be the way of measuring it, and was the later Egyptian mode of reckoning) is 
15 of the base, or quite as close as the statement professes. The name of the 
builder is given almost unaltered, Kheopa for Khufu. In describing the Second 
Pyramid, he states it to be 40 feet less in height than the Great Pyramid ; 
the difference is not quite so great, but the historian’s error is only sy of the 
whole height. He is quite correct in saying that the foundations were of 
Ethiopian stone, z¢, red granite. Of the Third Pyramid, the statement, 
apparently so precise, that the base was 280 feet seems in error. It is over 
340 Greek feet, and such a difference could hardly be a mere oversight. It is 
just possible that this measure refers to the base of the limestone part, which 


* The accuracy with which Herodotus states what he saw, and relates what he heard ; 
the criticism he often applies to his materials; and the care with which he distinguishes how 
much belief he gives to each report ;—all this should prevent our ever discrediting his words 
unless compelled to do so. ; 
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Thus we see that there is in these historians an honesty and correctness in 
their descriptions, and a fulfilment of the amount of accuracy which they 
profess, which it would have been well for many—perhaps for most—modern 


writers to have imitated. 
The clear and unexaggerated account of the passages of the Great Pyramid 


given by Edrisi, in 1236 A.D., deserves notice for its superiority to the greater 
number of Arabic accounts. 
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The angles determined by Perring for Colonel Vyse cannot be considered 
very satisfactory for comparison with theories, as they seem in one case to be 
distinctly in error (in the Second Pyramid angle) ; and some of the observations 
are so extremely near to theoretical angles, that they seem to have been 
modified by the observer. But taking those Pyramids of which I measured the 
angles repeatedly in many ways, the variations from the slopes which would 
result from integral amounts, is usually about half the probable error; and the 
variation only equals the probable error in the Third Pyramid, which is least 
accurately built. From these close coincidences it seems clear that the rule for 
slopes in designing, was to set back the face an integral number of cubits, on 
a height of an integral number. The use of angles of 4 on 3 (which has 
hypothenuse 5), and 20 on 21 (which has hypothenuse 29), seems to suggest 
that the square of the hypothenuse being equal to the squares of the two sides 
may have been known; particularly as we shall see that the use of squared 
quantities is strongly indicated in the Great Pyramid. 

122. No discussion of the sizes of the Pyramids can lead us to the ideas 
involved in their design, unless it is first settled whether they were each 
completely planned at their beginnings, or each carried forward as far as the 
life of the builder permitted. This last idea, which may be called the “ theory 
of accretion,” would show that the size of each Pyramid was solely due to a 
series of accidental events ; and that no foreseen design can be expected in the 
external dimensions, or in their relations to the inside. As several names have 
been associated with this theory, it will be best to avoid them all; and treat 
it on its own merits impersonally, like all other theories mentioned in this work, 

We will first, then, consider the questions that have been put forward on 
Pyramid building, and the applicability of the theory of accretion to each of 
them, and after that notice some of the other points bearing on this theory. 

(1) How does it happen that the Pyramids are of such different sizes? The 
theory of accretion answers that each king continued building his Pyramid until 
his death, and hence the Pyramids differ in size because the reigns differed in 
length. When, however, we see that the lengths of the reigns are not in pro- 
portion to the bulk of the respective Pyramids, this apparent explanation merely 
resolves itself into saying, that because two quantities vary they must be con- 
nected. On comparing the lengths of the reigns with the sizes of those Pyramids 
whose builders we know, the disproportion is such that Khufu, for instance, must 
have built the Great Pyramid 15 times as fast as Raenuser built the Middle 
Pyramid of Abusir; or else Raenuser built for only y,th of his reign; either 
alternative prevents any conclusion being drawn as to inequalities in time pro- 
ducing inequalities in the sizes of the Pyramids. 

(2) How could later kings be content with smaller Pyramids after Khufu 
and Khafra had built the two largest? This question the accretion theory 
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been plugged, they would either have forced their way in the softer limestone 
alongside of the plugs, as they had already done; or else, if the plugs were 
removable they would have filled up the awkward hollow of Mamun’s Hole 
with them, to avoid the labour of carrying them all out of the Pyramid. But 
there is not one known, out of the large number of such blocks that ought to be 
found if the whole passage had been plugged up. 

The mouth of the passage to the Queen’s Chamber was certainly blocked ; 
but no one has supposed that the whole of that passage, or that the gallery, was 
blocked. | 

Thus there is an absence of any trace of blocking of the passages, beyond 
the closing of the mouths of two passages, merely to prevent their being 
detected. 

In the Second Pyramid the flaws in the passage are plastered up—sometimes 
over a large surface—and then tinted red; if, then, any blocks had been drawn 
out, this plastering would have been scraped, and at least the colouring rubbed 
off. On the sides of the passage are also projecting scraps of plaster ‘1 to ‘15 
thick ; and in the top corner of the E. side are some scraps #-inch thick; these 
would have been rubbed off in removing any plugging. The evidence here, 
then, is decidedly against the main passage having been plugged. The lower 
passage from the pavement, as being a duplicate passage not required, was 
plugged up, like the duplicate and disused passage in the Third Pyramid. 

In the Pyramids of Dahshur, the passages have been filled with desert 
pebbles, sand, and masons’ chips; a filling which could not come in by 
accident, and would not be put in by design except by the builders. This, 
therefore, was a filling up to prevent casual access to the inside ; but such as 
could be readily taken out if it was required to be opened. It shows that no 
stone plugging, or building up, was put in the entrance passage; although a 
duplicate passage in one of these Pyramids was plugged by blocks. 

In the Pyramid of Pepi, and in another at Sakkara, the passages are 
lined with long and delicate inscriptions ; which, at least in that of Pepi, do 
not show any mortar in the hollows. Indeed, it would not be likely that 
an inscription should be put where it was to be built over afterwards with 
plug-blocks. 

Not only, then, is the evidence inconclusive that the main passages of the 
Pyramids were ever plugged throughout their length, but, on the contrary, 
there are incidental proofs that no general plugging was ever introduced or 
extracted. 

126. The possibility of the Pyramids having had movable doors has been 
quite overlooked in modern times, owing to the general belief that the passages 
were plugged up. Of course, if a passage was filled up solid there ‘could not 
have been any door to it; but as we have scen that there is no evidence of 
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weathered away in powder, leaving the plaster with its hieroglyphs as sharp and 
fresh as when first laid on; this is well seen in the tomb of Khafra-ankh (“ Tomb 
of Numbers”), and in tombs in the cutting round the Second Pyramid. Probably 
the continual use of plaster, to make gocd defects in building, was a habit which 
arose from the necessity of using it for flaws in the rock in the large number of 
excavated tombs ; these are of the earliest time, the use of fine stone linings to 
the rock being a later method, not common till the fifth dynasty. 

It is not usually known that the statues carved in diorite and alabaster were 
painted. Yet such seems certainly to have been the case. The fragments of 
diorite statues, that I found W. of the Second Pyramid, where all stuccoed on 
the outside, with a firm hard white coat ; and the fragments of alabaster statues 
had bright green paint on the dress, and black on the plaited wig. Though it 
has long been known that the limestone statues were generally painted, and that 
those of granite were partially coloured; yet the concealing of the translucent 
alabaster, and of the polished and variegated diorite, by a coat which might 
merely hide limestone or plaster, seems to have escaped notice hitherto. This 
custom shows that the qualities of the stone were regarded more for preciousness 
than for beauty. 
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CHAPTER XIX. 
THE MECHANICAL METHODS OF THE PYRAMID BUILDERS. 


129. The methods employed by the Egyptians in cutting the hard stones 
which they so frequently worked, have long remained in doubt. Various sug- 
gestions have been made, some very impracticable ; but no actual proofs of the 
tools employed, or the manner of using them, has been obtained. From the 
examples of work which I was able to collect at Gizeh, and from various fixed 
objects of which I took casts, the questions so often asked seem now to be 
solved. | 

The typical method of working hard stones,—such as granite, diorite, basalt, 
&c..—was by means of bronze tools; these were set with cutting points, far 
harder than the quartz which was operated on. The material of these cutting 
points is yet undetermined ; but only five substances are possible: beryl, topaz, 
chrysoberyl, corundum or sapphire, and diamond. The character of the work 
would certainly seem to point to diamond as being the cutting jewel ; and only 
the considerations of its rarity in general, and its absence from Egypt, interfere 
with this conclusion, and render the tough uncrystallized corundum the more 
likely material. 

Many nations, both savage and civilized, are in the habit of cutting hard 
materials by means of a soft substance (as copper, wood, horn, &c.), with a hard 
powder supplied to it ; the powder sticks in the basis employed, and this being 
scraped over the stone to be cut, so wears it away. It is therefore very readily 
assumed by many persons (as I myself did at first) that this method must neces- 
sarily have been also used by the Egyptians ; and that it would suffice to produce 
all the examples now collected. Such, however, is far from being the case; 
though no doubt in alabaster, and other soft stones, this method was used. 

That the Egyptians were acquainted with a cutting jewel far harder than 
quartz, and that they used this jewel as a sharp-pointed graver, is put beyond 
doubt by the diorite bowls with inscriptions of the fourth dynasty, of which I 
found fragments at Gizeh. These hieroglyphs are incised, with a very free-cutting 
point; they are not scraped nor ground out, but are ploughed through the 
diorite, with rough edges to the line. As the lines are only y4o inch wide (the 
figures being about ‘2 long), it is evident that the cutting point must have been 
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Hand graving tools were also used for working on the irregular surfaces of 
statuary ; as may be well seen on the diorite statue of Khafra found at Gizeh, 
and now at Bulak. 

133. The great pressure needed to force the drills and saws so rapidly 
through the hard stones is very surprising ; probably a load of at least a ton or 
two was placed on the 4-inch drills cutting in granite. On the granite core, 
No. 7, the spiral of the cut sinks ‘1 inch in the circumference of 6 inches, or I in 
60, a rate of ploughing out of the quartz and felspar which is astonishing. Yet 
these grooves cannot be due to the mere scratching produced in withdrawing the 
drill as has been suggested, since there would be about 2s inch thick of dust 
between the drill and the core at that part; thus there could be scarcely any 
pressure applied sideways, and the point of contact of the drill and granite could 
not travel around the granite however the drill might be turned about. Hence 
these rapid spiral grooves cannot be ascribed to anything but the descent of the 
drill into the granite under enormous pressure ; unless, indeed, we suppose a 
separate rymering tool to have been employed alternately with the drill for 
enlarging the groove, for which there is no adequate evidence. 

134. That no remains of these saws or tubular drills have yet been found 
is to be expected, since we have not yet found even waste specimens of work 
to a tenth of the amount that a single tool would produce; and the tools, 
instead of being thrown away like the waste, would be most carefully guarded. 
Again, even of common masons’ chisels, there are probably not a dozen known; 
and yet they would be far commoner than jewelled tools, and also more likely 
to be lost, or to be buried with the workman. The great saws and drills of the 
Pyramid workers would be royal property, and it would, perhaps, cost a man 
his life if he lost one; while the bronze would be remelted, and the jewels reset, 
when the tools became worn, so that no worn out tools would be thrown away. 

135. Of the various other details of mechanical work mention is made in 
different sections of this volume. The red marking of the mason’s lines is 
described in section 63. The use of testing-planes in working surfaces, in 
section 170. The use of drafted diagonals, in section 55. The character of the 
fine joints, in section 26. The accuracy of levelling, in section 26. The fitting of the 
courses one on the other, in section 41. The arrangement of the courses on the 
ground before building, in section 168. The lugs left for lifting the stones, in 
sections 50, 55, and 63. The method of raising the stones, in section 169. 
The labour system employed on the Egyptian monuments. in section 166. And 
the use of plaster, in section 128. A general statement of all these mechanical 
questions, with fuller details of some of the specimens and examples of work, 
will be found in a paper on the “ Mechanical Methods of the Egyptians,” in the 
Anthropological Journal for 1883. 
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mean be taken it yields 20'620-t'004 ; but taking the King’s Chamber alone, as 
being the best datum by far, it nevertheless contracts upwards, so that it is 
hardly justifiable to adopt a larger result than 20°620-t005. 

137. In the Second Pyramid the base is very indirectly connected with the 
cubit, so that it is not probable that reference was made to the cubit, but only to 
the King’s Chamber or passage height which are derived from it. The cubit 
found varies thus :— 


By the tenth course level ... gis ids case ... 2082 +0! 
By the first course height ... oe as des ..» 2076 +03 
By the passage widths __... 20°72 + Ol 
By the great chamber, dimensions squared being i in square cubits 20°640+'005 
By the lower chamber, sides in even numbers of cubits se» 20°5734017 


The course heights and passage widths are less likely to be accurate than the 
chamber dimensions; a strictly weighted mean is 20°68+03; but, considering 
the details, probably 20°64+-'03 would be the truest determination of the 
cubit here. 

In the Third Pyramid the work is very rough in comparison with the pre- 
ceding, and the cubit is correspondingly variable. 


By the base oe ... 20°768+'015 
By the course heights of granite ae .. 201624017 
By the first chamber ... on ... 20°65 +°10 
By the second chamber as ste ws 20°70 +'05 
By the granite chamber = sa3 .. 2074 +2 


Here it is evident that the courses are all too thin on an average, though 
varying from 36:0 up to 42°8, and they are certainly not worth including in a 
mean. The average of the other elements, duly weighted, is 20°'76-'02, or the 
simple average (as the previous gives scarcely any weight to the chambers) is 
20°71-t'02, which may be most suitably adopted. 

Arranging the examples chronologically, the cubit used was as follows :— 


Great Pyramid at Gizeh, Khufu -»» 20°620-'005 
Second _,, r Khafra ..» 2064 +'03 
Granite temple ‘s ‘i ... 2068 +'02 
Third Pyramid ‘s Menkaura .. 20°71 +02 
- peribolus walls 7 .. 20°69 +'02 
Great Pyramid of Dahshur (?) .». 20°58 -'02 
Pyramid at Sakkara Pepi se. 20°51 02 
Fourth to sixth dynasty, mean of all ws» 2063 4°02 
Average variation in standard 06 


138. Besides these examples of the cubit as used in various buildings, the 
other principal unit of early times—the digit—may be obtained from the tombs. 
A usual feature of the decoration, of both the rock-cut tombs and the built Mas- 
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By ee Circuit 50,000 digits of ‘727 (Egyptian digit) _. go87° +25° 
Side 500 cubits of 18°2405 (Greek cubit, also claimed as Egy ptian) . Q120°2 
Side = width of band round the earth containing 10'' square feet . 9128° 


Side 452 cubits of 20°2208 (#2 of a second of latitude) : : - 9139°8 
Side 365°242 cubits of 25°02 5 (theoretical Polar cubit) : ‘ - 9140°2 
Circuit 355 units of 5 Egy ptian cubits . ° - 9155°0 
Side 366°256 cubits of 25°025 (theoretical Polar cubit) . ‘ . 9165°2 
Side 360 cubits of 25°488 —. : ‘ : ; : j ; - 9175'7 


Most of these theorics are manifestly beyond consideration, but on two or three 
of the best some further notes are desirable. The 440 cubit theory is supported 
by the fact of the height being 280 cubits; so that the well-known approxi- 
mation to 7, =”, appears here in the form of the height being 7x40 cubits, 
and the semi-circuit 22x40 cubits. From other cases (in the interior) of the 
ratio of radius to circumference, it seems probable that a closer approximation 
than 7 to 22 was in use; and it is quite likely that the formula employed 
for + was %3, with a small fractional correction applied to the 22; such is 
the most convenient practical way of working (if without logarithms), and it 
is the favourite method of expressing interminable ratios among most ancient 
nations. In any case all arithmetical statements of this ratio of w are but 
approximate, and the question is merely one of degree as to the amount of 
error, in any figures that can be used for it. The 360 cubit theory is simple- 
looking ; but no examples of such a cubit are known in the Pyramids, and it 
is not prominent among other Egyptian remains. The eteclum theory fits 
remarkably closely to the facts. Beside the stadium of = geographical mile 
on the equatorial meridian, there are several other meee of measurement on 
the earth’s surface, and it should be noted that these agree closely with what 
the Pyramid circuit would be at the various levels of the sockets. Thus, 5 
stadia on 


Equatorial meridian. as 3 - (stadium 7254 *9)= Pyramid circuit ‘r above base. ‘o =pavement. 

atese aan, pe ‘Arctic circle: (7281°6)= “ ee) i ger »  23°0=S.W. socket. 
ean of a whole meridian . . : 

Mean of all azimuths at the Pyramid . ‘ (7292°0)= ie » 395 » 88° = N.E. socket. 

Mean of all azimuths, everywhere. ‘ (7295° 3) = » 0 §=—-32°D ag »  32°8=N.W. socket. 

Mean of equatorial circle . ° . (7304-5) = ” 0» «= 39°4 os »  399=8.E. socket. 


There are many a aiheats both for and against this theory ; and they branch 
into so many collateral subjects that it would be beyond both the size and the 
nature of this statement to enter into them here. 

144. For the height of the Great Pyramid there are also several 
theories :— 


The actual height originally was. . §77600+7°0 
By theory, 280 cubits of 20°632=b'004 (Egyptian cubit) - 577690411 
to of Roman mile, 5822040 ; . §822° +4 


Circumference of earth+ 270,000 . : . §832°7 
perihelion. ‘ - 5783 
Sun’s distance-+-10°< mean . ; ; . 5886 


aphelion : . ~ 5989 


Sect. 147.) ROCK TRENCHES BY GREAT PYRAMID. 185 


These points are marked along the top edge of the diagram (PI. viii.), by which 
their coincidence with the courses can be seen by eye. It appears that though 
nothing exact was intended, yet as if the increased course thickness was started 
anew when the horizontal area had been reduced to a simple fraction of the base 
area: nearly all the prominent fresh starts of the courses are in the above list ; 
and the fact that it includes each of the points where the simple length of the side 
is a direct multiple of } of the base, is also in favour of the theory ; or, in other 
terms, a thicker course is started at each fifth of the whole height of the Pyramid. 

147. The trenches in the rock on the E. side of the Pyramid have 

Angle between S. and E.N.E. trench axes 104° I’ 43” = 2 X 52° O 52” 
Angle between E.N.E. and N.N.E. axes 519 36’ 52” 
By theory equal to angle of slope of the Pyramid = 51° 52’ 

The distances of the Pyramid pavement, trench axes, and basalt pavement, 
outwards from the Pyramid base, may have a connection with the interior of the 
Pyramid. It has been a favourite notion of many writers to regard the sides of 
the Pyramid as laid open around the base, like the form of a “net” for makinga 
Pyramid model. If then the East side be laid off from its base, the height of 
the interior levels carried out to the slope of the face, nearly coincide with 
certain distances on the ground. 


On face 
In Pyramid. Level. from base. | On ground from base. Outside Pyramid. 

Gallery doorway ae : .. 1084°0| 1080°6 to 1085°5 Axis of N. trench. 
Axis of Queen’s passage 1116°1 | 1122°9 to 11254 Axis of S. trench. 
Gallery N. top (852°6 + 344°4) re 1521°5| 1§21°4 Axis of mouth of N.N.E. 

trench. 
King’s re base 1688°5 2146°6 eet Outer edge of basalt pave- 
Chamber (high floor 16937 2153°3} 2153°0 ment. 


The idea seems intrinsically not very improbable, and the exactitude of three of 
the four coincidences is remarkable, being well within the variations of workman- 
ship, and errors of measure. 

Of the many coincidences pointed out about the trenches, we will only stop 
to notice those that are within the bounds of possibility. Theaxis of the N. and 
S. trenches is supposed to be a tangent to a circle equal to the core-base of the 
Pyramid ; the trenches, as we now know, have not the same axis; the S. being 
a tangent to a circle of a square 115 inside the finished base, and the N. being a 
tangent to a circle of a square 165 inside. Now, as the casing (on the N. side) 
averages 108 + 8 thick at the base, the theory is possibly true of the S. trench. 
The outer ends of the trenches are said to be opposite to the points where the 
core-base would be cut by an equal circle; if so, this would require the casing 
to be 86: wide at the base ; at the corner it is about 80 at the base, so this is not 
far from the truth. The inner ends of the trenches are said to be points lying 
on the circle equal to the finished base of the Pyramid ; the inner end of the N. 
trench is nearest to that, being 5,782 from the Pyramid centre; the Pyramid 
height being 5,776 = 6, or the radius of the base circuit 5,773'4. A line drawn from 
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the passage virtually begins, to the middle of the niche is 1651°6, which equals 
80 cubits of 20°645, and is, therefore, # of the length of the entrance passage. 

The horizontal length of the gallery at the top is also just abcut the 
same amount, being 1648°5, or 80 cubits of 20606, which may possibly be 
intentional; this length, however, seems far more likely to be ruled by the 
horizontal length at the bottom being equal to the level of the King’s Chamber, 
or upper end of the gallery floor, above the base level; and the top being 
narrowed | cubit at each end, as it is at each side, by the over-lappings. 

150. The theories of the widths and heights of the passages are all con- 
nected, as the passages are all of the same section, or multiples of that. The 
entrance passage height has had a curiously complex theory attached to it; 
supposing that the vertical and perpendicular heights are added together, their 
sum is 100 so-called “ Pyramid inches.” This at the angle of 26° 31’ would 
require a perpendicular height of 47°27, the actual height being 47:24+'02. But 
in considering any theory of the height of this passage, it cannot be separated 
from the similar passages, or from the most accurately wrought of all such 
heights, the course height of the King’s Chamber. The passages vary from 
46'2 to 48:6, and the mean course height is 47°040+'013. So although this 
theory agrees with one of the passages, it is evidently not the origin of this 
frequently-recurring height ; and it is the more unlikely as there is no authentic 
example, that will bear examination, of the use or existence of any such 
measure as a “ Pyramid inch,” or of a cubit of 25025 British inches. 

Another theory of the passage height is that the diagonals of the passage, 
in a vertical section across it, are exactly at the angle of the Pyramid outside, 
#.é., parallel with E. or W. face of the Pyramid. Taking the passage breadth, 
as best defined by the King’s Chamber, at 41°264 (the passages varying from 
406 to 42'6), the Pyramid angle at 51° 52’+2’, and the passage angle as 26° 27’, 
the perpendicular height of the passage should be 47°:06+05 by theory; and 
the King’s Chamber course is actually 47704401, a coincidence far closer than 
the small uncertainties. This, if combined with the following theory, requires a 
passage slope of 26° 26°48". 

The most comprehensive theory about the passage height is one which 
involves many different parts of the Pyramid, and shows them to be all 
developments of the same form. It is to the King’s Chamber that we must go 
for the explanation, and we see below how that type is carried out :— 


Wide. High, 
King’s Chamber, mean dimensions 206°13 235°2 Or §X4I'22 and 47°04 
Gallery, lower part, vertically 82°42 92°4to94°6 2x4I'21 and 462 t0 473 
Passages ee 40°6 to 42°6 46°2to 486 40°6 to 42°6and 46:2 to 48°6 


Ramps of alley, vertically 19°3 to 20°4 22°65 to 23°76 4 x 38°6 togo’8 & 45°3 to 47°5 
Here is a system based on one pattern, and uniformly carried out ; for though 
the measure is taken perpendicularly to the floor in the passages and King’s 


Sect. 156.] COFFER. 195 


Width 206°12-+-'12 squared, is 100 cubits of 20°612+'012 
Length 412°24+°12 400 ,, 20°61 2-+'006 
Height 230°09+'15 - 125 5 20°580+ 014 

Thus this theory agrees with the facts within little more than the small 
range of the probable errors. From the squares of the main dimensions being 
thus integral numbers, it necessarily follows that the squares of all the diagonals 
are integers ; and one result, that the height is half of the diagonal of the floor, 
is very elegant, and may easily have been the origin of the height. 

The mean of the heights of the wall, and of the chamber from the floor, is 
stated to be double the length of the Antechamber ; it is actually double of 
116°36, and as the Antechamber varies from 114 to 117, it, of course, includes 
this and any quantities at all near it. 

Another theory involving the height is, that the contents of the chamber 
are 1,250 cubic “sacred cubits.” As yet, every instance of this supposed 
cubit has melted away on being touched by facts, and in this instance it also 
disappears: the theory requires a height of 23048, which is ‘39 over the 
truth, and far beyond the range of probable error. 

The simplest theory of the height is, that the floor was raised above the 
base of the walls a quarter of a cubit ; according to the mean of the measures 
(of which I took about 32) it is raised 5°11=:°12 inches, and the quarter of a 
cubit is 5°16. It is not a little singular that in this case the same theorist, 
whose unhappy inversion of facts was noted above, has again dogmatized in 
exactly the opposite direction to the truth; he writes of this 5°11, or quarter 
cubit, that it is “quite an unmeaning fraction when measured in terms of 
the profane Egyptian cubit,” as it pleases him to call the only standard of 
measure really discoverable in the Great Pyramid. 

The only other theory involving the height concerns the coffer. It is 
said that the lower course of the King’s Chamber surrounds a volume equal 
to 50 times that of the coffer. Now, the coffer’s contents are, by different 
modes of measurement, 72,000-+60 cubic inches, and for the first course to 
comprise 50 times this amount it must be 42°30-04 inches high ; whereas it 
is but 41°912'12, or about ;4 inch too small. If, however, refuge be taken in 
the inexact relation of the contents of the coffer about equalling its solid 
bulk, the mean of the two amounts requires the course-height to be 41°87, or 
close to the irregular quantity as measured. The most passable way, then, to 
put this is to say that the outside of the coffer fills ys of the volume of the 
chamber up to the first course. 

156. The theories of the coffer itself are almost interminable, and they 
find ample room for discrepancies between them in the great irregularities 
of the working of the coffer. The various theories have so much connection 
with each other, and each have so many consequences which may be 
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Theories of lineal dimensions of the coffer have been less brought forward. 
The principal one is the m proportion of the coffer; the height being stated to be 
the radius of a circle equal to the circumference. Now this has a strong confir- 
mation in such a proportion existing, on 5 times the scale, in the chamber. 
There, as we have seen, a radius of 206 inches has a circumference equal to the 
circuit of the N.or S. walls at right angles to it; and similarly the radius or 
height of the coffer, 41°2, has a circumference nearly equal to the circuit of the 
coffer. The height of the coffer is not very certain, owing to so much of the top 
having been destroyed ; but comparing its dimensions with those of the King’s 
Chamber (which, as already shown, agrees to the w proportion) they stand thus :— 


Circuit of chamber side wall 1295.1 129°16 (+°3 ? originally) N. and E. sides at base. 
127°96 S. and W. sides at base. 
Radius of circuit 20612 + 5= 41°224| 41°31 (var. 41°14 to 41° 50). 


The length of the E. side was originally about °3 more than the length to the 
broken parts now remaining, judging by the curvatures of the N. and S. faces. 
This would make it 90°6 long; and Prof. Smyth prolonging the broken parts 
by straight edges read it as 90'S. 

An old theory now revives, by having a shorter base for the Pyramid ; for 
Tag Of the Pyramid base is 90°69; and here the maximum length appears to have 
been about 90°6, so that the theory of their connection is not at all impossible. 

The most consistent theory of the coffer, and one which is fairly applicable 
to all the dimensions, is that of the lengths squared being in even numbers of 
square fifths of the cubit, or tenths of the height squared. On the decimal divi- 
sion of the cubit, see section 139. By this theory :— 

Outer length squared = 480 square units, if 90°40 , 90°6(?) actual maximum. 


Outer width ” go » ” 39°14 | 38°97(?) 5 » (39°12 Smyth). 
Outer height __is,, = 100 ,, - 41°26 | 41°14 to 41°50 actual. 

Inner length _,, = 360 , ss 78°29 | 78°23 actual maximum. 

Inner width 5 = 42 4, sa 26°74 | 26°81 ,, mean. 

Inner height _s=»z, = 70. 5 a 34°52 | 34°54 4 maximum. 


Though these multiples may seem somewhat unlikely numbers, yet they are 
simply related to one another throughout. The squares of outer and inner 
lengths are as 4:3; of outer and inner height as 10:7; of inner width and 
height as 3:5, &c. And in all cases the required dimensions are allowably 
within the variations of the work. This theory, though perhaps not very satis- 
factory, has at least a stronger claim than any other, when we consider the 
analogous theories of other parts of the building. 

Another theory of the coffer outside, is that its circuit is half of the cubic 
diagonal of the King’s Chamber. This cubic diagonal actually is §15°17, and its 
half is 257°58, against 257°4 (?) for the coffer circuit. But these quantities may 
both be simply derived from one common source, the cubit; for the cubic 
diagonal of the chamber is 25 x 20607, and the circuit of the coffer is 124 x 
20°59. So that unless analogies can be shown elsewhere, the design might be 
simply in numbers of cubits. 
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the first importance to trace any connections and general plans running through 
the design. Theories which are dissimilar from those of other parts of the 
structure, may be judged almost alone; merely from a general sense of the 
character of the design elsewhere. But where the same motive appears in many 
different parts, each occurrence of it strongly bears out the others ; and it must 
stand or fall as a whole. It is hardly necessary to say that where there is a 
choice of two equally concordant theories, the simpler of the two is the more 
likely to be the true one; but individual prepossession of the reader in some 
cases will have to turn the balance of his opinion. On the knotty question of 
the possible intention of two motives combined in one form, or necessarily inter- 
related, the individual feelings will hold a still stronger place; and the proba- 
bilities of intention—like many other questions—will be believed or disbelieved, 
not so much on physical as on metaphysical grounds, and conditions of mind. 
There are three great lines of theory throughout the Pyramid, each of which 
must stand or fall as a whole; they are scarcely contradictory, and may almost 
subsist together; but it is desirable to point out the group of each, so as to 
judge of their likelihood of intention. These are (1) the Egyptian cubit theory ; 
(2) the w proportion, or radius and circumference theory ; (3) the theory of 
areas, squares of lengthsand diagonals. Without, then, restating what has been 
already described, we will briefly recall the coincidences which support each of 
these theories. 
(1) By the cubit theory, the— 
Outside form of Pyramid is 280 and 440 cubits, confirmed by the x theory. 
Breadth of the passages are certainly in cubits. 
Lengths of passages, entrance, ascending, and antechamber, and perhaps 
Queen’s and gallery, are in cubits. 

Subterranean chamber sides squared are in square cubits.. Many of these 
Queen’s Chamber sides and height ‘ - dimensions are 
Antechamber sides and height ws % also simple 
King’s Chamber sides and height 7 pa numbers of 
Coffer dimensions, in and out, 3 3 cubits. 

(2) To the w theory, the— 
Outside proportion of the Pyramid exactly agrees. 
(Azimuth trench may indicate points on the w circle of the base). 
Passage sections agree, being on one type derived from King’s Chamber. 
King’s Chamber wall dimensions are precisely agreed. 
Coffer proportions outside, and perhaps inside, are agreed. 

By the theory of areas, the— 
Outside proportion of the Pyramid is exactly given. 
Large courses occur at proportionate levels. 
Level of King’s Chamber halves the Pyramid areas, 
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10th. That the coffer is not built around to protect it, as others were. 

11th. That the chamber has ventilating channels. 

12th. That the lid might be a later addition to the coffer. 

13th. That the coffer has certain cubic proportions, which show a care 
and design beyond what could be expected in any burial-coffer. 

Now, of these objections to the Tombic theory, the Ist, 2nd, 3rd, 7th, and 8th, 
would be equally forcible in the case of the Second Pyramid; yet in that is a 
coffer whose lid has been finally fastened on, and which undisputedly contained 
the body of Khafra. The 4th objection is met by several cases of coffers equally 
deep, such as the splendid one of Khufu-ankh at Bulak. The 5th has been 
retracted, owing to the groove being proved to be undercut. As for the 6th, it 
is plain that there are grooves, &c., for a lid; hence whether such a lid can 
actually be found, after the various destructions, is of little consequence. The roth 
is of no value, as other coffers are not always built up, eg., that of Menkaura and 
that of Pepi. The 12th point, that the lid (or the grooves for it) might be a later 
work, is only a hope without any evidence. That the pin-holes are Egyptian 
work is certain, by their being cut with a jewelled drill, such as the Pyramid 
builders used. It is unreasonable to imagine any later king having intended that 
his body should be ignominiously tumbled up the long narrow irregular passage 
of the so-called well, which was the only pre-Arab way to the coffer; and also 
that any later king would have altered the coffer without putting his name upon 
it. The habit of later kings was rather to smash than to utilize. The 13th point 
has been already answered by the fact that the supposed accuracy of the relations 
is by no means transcendent; and that the workmanship is decidedly inferior 
to that of other parts of the Pyramid, and to that of Khafra’s burial coffer. 

That in a building, whose design appears on good evidence to include the r 
proportion and the use of areas, some design of cubic quantities might be 
followed in the principal object of the structure, is not at all improbable. But 
any claim to even respectable accuracy and regularity in the coffer, is decidedly 
disallowed by its roughness of work. It cannot be supposed that a piece of 
granite, rough sawn, with the saw lines remaining on its faces, has any special 
significance in the waves and twists of its sides, any more than in the other faults 
of cutting, where the saw or drill have by accident run too deeply. 

The damaged remains of this theory of accurate proportions, and the fact 
of the upper passages and air-channels not being known in other Pyramids, are 
then the only evidences which are left to reverse the universal rule of Pyramids 
being tombs, and coffers being intended for coffins. 

159. The Second Pyramid has not been theorized on to any large extent. 
The theories of the base length are— 

Actual mean length ... ae zee Ae 8474°90+'8 
6x modulus (mod. =30 passage heights, see below) 8467°2+2'4 
2D 
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The exactitude of the connection of theory and measurement here is remark- 
able ; the only perceptible difference being in the length from the W. side of the 
doorway to the E. wall. And the value of the cubit required by the dimensions, 
20°64, is extremely close to the cubit as best shown in the King’s Chamber, 
20°632+'004. If any objection be made to dividing the lengths into two parts, 
it should be noted that it is certainly so divided in the chamber, by the fact 
of the length of one part, 412°75, being exactly 20 cubits; the wall W. of the 
door being a double square, 10x20 cubits, equal to the floor of the King’s 
Chamber. 

The design of the squares of the dimensions, direct and diagonal, being in 
round numbers of square cubits, appears then to have been employed in this 
chamber, as in those of the Great Pyramid. 

The rudely-worked lower chamber seems to have been simply designed in 
cubits. The length 411°6 being evidently 20 cubits of 20°58; and the breadth, 
123'4, three times the passage breadth, or 6 cubits of 20°57. The recess opposite 
the entrance to this chamber is 1220 to 123°8 long, apparently equal to the 
chamber breadth. 

161. For the coffer of the Second Pyramid there does not appear to be any 
uniform theory, though it is so carefully wrought. The outer length and width 
of it might seem as if rougly intended for 5 and 2 cubits, of 20°73 and 20°98 
respectively. But it is hard to suppose that such very different values of the 
cubit would be used in a work so finely equilateral and regular. On applying 
each of the theories of the Great Pyramid coffer to this, only two of them appear 
to have been carried out here. 

Internal length of coffer 84°73+'02 | 84°75-++01I = ;§5 Of Second Pyramid base. 

Thus the Second Pyramid being smaller than the First, and yet its cofter 
being longer, the relation to ;4,th of the Pyramid base is produced in the inside, 
and not on the outside, length. 

The only simple relation between the lineal dimensions of the coffer is 

Thickness of sides, 7°64-'01 | 7°62=} of outer height. 
But on applying the theory of the squares of the dimensions, some of the 
dimensions seem accounted for thus, taking ,Jj55 of the Pyramid base, =8°475, 
as a unit :— 


Outer length... 103°68 (max. 103°73) | 103°79 squared = 150 square units. 
Inner length, ... 84°73 84°75 = 100 ,, “ 
Inner width ... 2669 (max. 26°79) | 2680 ,, = 10 , - 
Outer height +lid, 46°34 4042 , = 30 , i 


This theory agrees fairly with these dimensions; and, comparing the similar 
theory of the squares of the Great Pyramid coffer dimensions being multiples of 
square fifths of a cubit, the theory seems not improbable, though it does not 
apply to all the dimensions, 
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numbers of cubits; and that it had none of that refinement of the design in 
areas, which prevailed in the Great Pyramid, and partly also in the Second. 
The evident irregularity and want of attention even to mere equality, shows a 
similar decadence in its character; so that from every point of view its 
inferiority is manifest. 

163. It may be asked, Why is more value to be attached to the present 
measures of the Pyramid bases, than those of any of the various other observers ? 
Why should not a simple mean be taken, and the present and past measures be 
all lumped together ? 

This is a perfectly sound question; and unless a difference of trust- 
worthiness can be shown to exist between the different results, a simple mean is 
the only true conclusion. But if the measurements vary in accuracy, they must 
be weighted accordingly ; and it must be remembered that the weight, or value 
assigned, increases as the square of the accuracy; so that an observer probably 
I inch in error, has 9 times the weight of one who is probably 3 inches in error. 

But by what are we to assign weights, or to estimate the accuracy of the 
observers ? With observations that have no checks by which they can be tested, it 
is useless to depend on their professed or stated accuracy ; for, as any one knows 
who has ever used check measurements, the unexpected sources of error are often 
far larger than those known and recognised. Therefore all observers who have 
not made distinct and separate checks (by repeated measures of angles or of 
lengths) can only have some value given them, where, from their agreements 
with other checked measurements, they appear to have some likelihood of 
accuracy. 

Into this category of observers who worked without checks, or at least who 
have made no mention of them, fall four of the six measurements yet made of the 
Great Pyramid ; those of the French expedition, of Perring, of Inglis, and of the 
Royal Engineers. The only two surveys made with check observations (and 
those are abundant in both) are (1) that of Mr. Gill and Prof. Watson, in 1874; 
and (2) that here published, which was made in 1881. 

When I reduced Mr. Gill’s observations, it was on the understanding that he 
reserved the publication of them to himself; and hence I am not at liberty to 
give their details, but will only state how nearly they are in accordance with 
my own. 

Unfortunately, so many of the metal station marks fixed in 1874 had been 
torn up, and the stones in which they were inserted, shifted or broken, that I 
had not many points of comparison. The screw-caps of other marks were set 
tight ; and though I made inquiry at Cairo, I could not get the key which fitted 
them ; even if I had had it, it seemed doubtful if they could be unscrewed, because 
the Arabs had battered and punched the caps so much. Others of the stations 
had been but uncertainly fixed by Mr. Gill, owing to their positions, and his lack 


Sect. 163.) COMPARISON OF PREVIOUS SURVEYS. 207 


The 1874 base was read from the national Egyptian standard of 4 metres, with 
great care, by microscope micrometers; two readings were taken of each bar 
length, and the temperature bar was also read. The resulting base of 3,300 
inches had a probable error of about ‘or inch, which was far more accurate than 
the observations of the ends of it by the theodolite. The observations were 
unhappily not reduced till five years after ; and then by an entire stranger to the 
apparatus. The 1881 base was read from a steel tape which had been accurately 
compared both with the English public standard, and with a private standard 
connected with the primary yard (see section 9). The readings of it were made to 
sts inch on 100 foot lengths ; and thermometers were continually read, both on 
ground and in air; cloudy sky, and nearly equal temperature of ground and air 
being obtained. Not only were three or four readings of each length taken in 
each set, but three entirely separate sets of measurements were made on separate 
days ; and the resulting mean value of 7,900 inches, has a probable error of only 
‘03. The transferrance apparatus was very simple, and free from a chance of 
shifts or errors. The observations were all reduced by one of the observers, on 
the days when they were each made. Though therefore the instrument, and pro- 
bably the observations, were superior in 1874, yet the three independent series in 
1881—the immediate reduction of the observations—and the agreement of the R.E. 
survey—combine to render it more likely that an error of *7 inch exists by 
shift, by transferrance, or by misinterpreting the note-books, in the 1874 obser- 
vations, than that an error of 1°7 exists in the 1881 observations. 

There does not seem then to be any reason for not accepting the 1881 
observations as they stand, as being the most accurate survey yet obtained ; 
with the proviso that in no case is it the least likely that the true scale differs 
from it more than goo, or that the proportional distances are ;;4,, in error. 
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was—as Aseskaf called his Pyramid—the “ cool place,” or “ place of refreshing,” 
where the body would rest in peace until revivified ; a character of the deep 
rock-hewn chambers most pleasing in such aclimate. Hence we find the tombs 
clustered as thickly as possible, where they actually look on the valley at Gizeh ; 
and scattered less closely where but little of the sacred stream could be seen; 
and similarly Khufu placed his Pyramid on a slight rise of rock, as close to the 
edge of the cliff as possible. 

To understand the purpose of the erection of the Pyramids, it should be 
observed that each has a temple on the eastern side of it. Of the temples of 
the Second and Third Pyramids the ruins still remain ; and of the temple of the 
Great Pyramid, the basalt pavement and numerous blocks of granite show its 
site. That Khufu’s temple is more destroyed than the others is easily accounted 
for by the causeway of it being larger and more accessible from the plain than 
are the causeways of the temples of Khafra and Menkaura; hence it would 
naturally be the first attacked by the spoilers. When in all the tombs of the 
Pyramid age, we see that the kings are called the Great Gods (“ nuter aa”), and 
had more priests than any of the original deities, it is easy to understand the 
relationship of a sumptuous temple to each of the royal Pyramids. The worship 
of the deified king was carried on in the temple, looking toward the Pyramid 
which stood on the west of it (the “ blessed West,” the land of souls); just as 
private individuals worshipped their ancestors in the family tombs, looking 
toward the “false doors,” which are placed on the west side of the tomb, and 
which represent the entrances to the hidden sepulchres. 

165. It has always been assumed that only the finer stone, used for the 
casing and passages, was brought from the eastern cliffs, and that the bulk of 
the masonry was quarried in the neighbourhood. But no quarryings exist on 
the western side in the least adequate to yield the bulk of either of the greater 
Pyramids* ; and the limestone of the western hills is different in its character to 
that of the Pyramid masonry, which resembles the qualities usually quarried on 
the eastern shore. It seems, therefore, that the whole of the stones were 
quarried in the cliffs of Turra and Masara, and brought across to the selected 
site. 

166. The great amount of labour involved in quarrying and transporting 
such a mass of masonry as even the casing, has always been a cause of astonish- 
ment. But an expression in the traditions reported by Heiodotus,t and a 
consideration of the internal economy of the country in the present day, seem 
to explain it. In describing the transport of the stones, Herodotus expressly 


* I have repeatedly examined the edge of the desert from Abu Roash to Dahshur, and 
walked over all the district behind the Pyramids for several miles in each direction ; some very 
slight quarrying just behind the barracks at the Second Pyramid is all that I have seen, beyond 
mere tomb excavations. t See Section 120. 

2E 
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certainly ancient. No reasonable doubt can therefore exist about its being really 
a genuine picce used by the Pyramid masons; and probably such pieces were 
required to prevent crowbars biting into the stones, and to case the action of the 
rollers, 

The tools employed have been described in the chapter on the mechanical 
methods ; they comprised bronze saws over eight feet long, set with jewels, 
tubular drills similarly set with jewels, and circular saws. These were employed 
on the granite work, and perhaps saws of a less costly nature on the limestone 
The casing blocks were dressed by very fine picking or adzing. The system of 
using true planes smeared with ochre, for testing the work, shows with what 
nicety they examined their work, and what care was taken to ensure its accuracy 
and truth. 

The masons’ waste chips were thrown away over the cliffs, on both the 
north and south of the Pyramid; and they form banks extending about 100 
yards outwards from the original edge of the rock, and reaching from top to 
bottom of the cliffs; taking them altogether they are probably equal in bulk to 
more than half of the Pyramid. This rubbish is all stratified at the angle of 
rest, about 40° ; and the different qualities of it thrown away on different days 
may be clearly seen. In one part there will be a layer of large chips, up to the 
size of a hand; a foot above that a lot of fine dust and sweepings ; above that 
perhaps more large chips, and here and there a layer of desert flints and sand, 
showing when a piece of desert ground had been cleared to get more space for 
working. Among all this rubbish are pieces of the workmen’s water-jars and 
food vessels, of which I collected a hundred or more fragments, mixed with 
chips of wood, bits of charcoal, and even a piece of string, which had probably 
been used in patching up a rubbish basket. All these were obtained from pits 
which had been lately made in the oldest part of the heap, close to the edge of 
the cliff, and beyond which a thickness’ of some dozens of yards of waste had 
been shot out ; there is thus a certainty that these remains show us the true 
masons’ waste and rubbish, as thrown away by the builders, and stretching out 
from the cliff in lines of “tip,” like a modern half-finished embankment. 

By means of this bank of waste, the space around the Pyramid was largely 
increased in appearance, though it was not solid ground for building ; and the 
tops of the rubbish heaps were smoothly levelled down in the nearer parts, so that 
their junction to the rock can hardly be traced. 

171. During the course of building there was evidently a great change in 
the style of the work; a change, however, belonging more to the builders than 
to the masons. The pavement, lower casing, and entrance passage are 
exquisitely wrought ; in fact, the means employed for placing and cementing the 
blocks of soft limestone, weighing a dozen to twenty tons each, with such hair- 
like joints (section 26) are almost inconceivable at present ; and the accuracy of 
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APPENDIX I. 
ON THE ARRANGEMENT OF A TRIANGULATION. 


179. In arranging the course of a triangulation, for a survey in which the 
distances are short, many questions require to be considered, which never arise 
in ordinary cases of delicate observing. The lineal errors of centreing the 
instrument and signals become in many, perhaps most, instances as great as the 
angular errors of the observations. And further, as some of the stations are 
merely needed in the course of the triangulating, while others are required to 
permanently fix certain ancient points, the different character of the classes of 
the stations have, therefore, to be taken into consideration. 

Of course, in every survey, the number of observations is limited ; and the 
question therefore arises how to distribute the observations so as to obtain the 
most accurate results. As a general rule, if there be a number of equally 
determined stations around a point which has to be fixed, it will be best to 
distribute the observations to and from it, equally among all the stations, as thus 
their individual errors of position will be neutralized and not transmitted. But, 
if among the stations around the point, some are much better fixed than others, 
it will be best to take more observations to and from those superior stations. 

Hence it is concluded that every station must have a certain weight of 
observations (or accuracy) assigned to it, to be aimed at ; and a suitable number 
of observations to—and from—it; giving it, of course, a greater number of 
observations if the conditions are bad, as when there is a want of good cross- 
bearing in the directions of the observations. 

180. Having, then, a given weight of accuracy, and a corresponding number 
of observations, assigned to each station, how should this be distributed ? In 
considering this it must be remembered that shifting the instrument and signals 
takes time equivalent to a certain number of observations ; hence it is desirable 
to limit the number of instrumental stations, or /rvom-stations ; and make some 
to be only /o-stations, on which signals are observed. Again the time of putting 
up observing signals (or testing the adjustment of them) over the stations, is 
equal to making several observations ; hence only those stations really required 
should be observed Zo, 
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Then if there be a constant difference between the first and second groups, in 
each of the azimuths, which is well beyond the range of the probable errors, the 
shift may be taken as proved; or at least as having a certain and calculable 
probability of its truth, As examples, the following were the shifts detected 
and eliminated in the course of the 700 observations of the whole triangulation 
(or a shift on an average at each 80 observations), with the probable errors of 
each shift; ro"=b'4" 5 2°4"2b'2"; 3°64" 5 38" 5"5 42"b'4"; 4°6"4'7"; 
Go"+# 15"; g2"+2"; rr0"+ 10". Thus the shifts are on an average over 10 
times the extent of their probable errors, showing a probability of their reality, 
which would run to 12 places of figures. The first reduction applied was always 
a search for shifts in the series of azimuths, by tabulating all the observations ; 
and from one cause or other—heating of the instrument, vibration by the wind, 
accidental touches in handling, &c.—these shifts thus occur to a perceptible 
amount once on an average of 80 observations. If the observations are treated 
in the usual way, without eliminating shifts, either they will be vitiated to some 
extent, or else if the shift be large, they would be lost altogether by the rejection 
of the whole of a set of observations as “ inaccurate.” 

From the various considerations above mentioned, the distribution and 
order of the observations were arranged, and then entered in blank form in the 
field book ; thus in field work the order of the stations as entered had simply to 
be followed, and the observations filled in as they were made. Such an arrange- 
ment may perhaps be set down as too complex for “ practical” men; but a 
couple of days spent in planning out the work may easily double the value of a 
month’s surveying, and so save a great amount of time on the whole. 

Of course, the physical features of the ground generally modify the arrange- 
ments to some extent ; as, for instance, if a station is much below the range of 
sight, the observations then require to be nearly all taken /vom it, since one very 
accurate centreing of the theodolite, by cross-transiting with an auxiliary 
theodolite, would suffice, instead of occupying time by setting up a signal with 
similar accuracy on several different days. In many other ways the irregularity 
of the field alters the arrangement of the observations, though the distribution of 
accuracy allotted to each remains unchanged. 
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causes are (1) absolute mistakes in reading, generally integral amounts, but 
sometimes of complements ; (2) mistakes in identifying the signal, and mistakes 
due to irregular background and illumination of it ; (3) instrumental defects of 
accidental character, bruises, expansions, &c.; (4) shifting of the instrument, or 
of the clamping ; (5) constant lateral refraction in one line of sight, due toa 
column of heated air from a black stone, a wall face, &c. There is no place for 
these occasional errors in the usual classification, except with the continual errors 
before mentioned. 

183. Now the recognition of the difference between these two classes of 
error will clear away a confusion which has arisen; one writer claiming that 
discordant observations should be rejected, while another says that errors of 
extraordinary extent are recognised by theory as possible, and therefore should 
never be rejected. In reality, both views are right; for though discordant 
observations should be rejected, if due to occasional errors, yet in continual 
errors any extent of error has some small amount of probability, decreasing 
with a diminution of the number of observations. 

How, then, are occasional errors to be detected? Solely by the application 
of the law of distribution of errors. We have no other guide. If among 
observations varying only a few seconds, one occurs differing by many minutes 
or degrees from all the others, no computer could be found to include it ina 
general mean; and yet it is rejected solely on account of its improbability, 
notwithstanding that extraordinary errors are recognised by theory as possible. 
What theory does zot recognise, is an erratic distribution of errors ; and it is pre- 
cisely that which makes a computer throw out such a case as the above, by intuition. 

But the occasional errors, as I have said, most likely follow the law of 
probability, because in all cases in which a smaller error is more likely than a 
larger (as in all the causes of occasional error noted above), it is plain that the 
distribution will be like that due to continual errors. The real distinction 
between the two classes being that (practically) only a small portion of the 
observations are affected by occasional errors, and the greater part are absolutely 
free from them. 

If, then, the occasional errors follow the law of probability, they will (as 
being generally of much larger amount than the continual errors) be distributed 
over the whole range of continual errors, and far beyond that as well, But we 
can only eliminate the affected observations when they lie beyond the range of 
continual errors; and we cannot reject them when they lie within those limits. 
Hence, as they are more evenly and widely distributed than the continual errors 
(their Probability Curve being much wider), they will, on the whole, raise the 
probable error and its functions, which are deduced from the observations, even 
after the apparently discordant observations are omitted ; in fact, they broaden 
the Probability Curve of the whole. Hence the true probable error of the 
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range is best defined (¢z., in the direction of the magnitude of errors) is, of 
course, at the point of maximum inclination. And this point is identical 
practically (if not also theoretically) with the square root of the sum of the 
squares of the differences, divided by the 1, number of observations, 2¢., the 
“error of mean square” below. 

As the various functions have received rather different names, it will be 
as well to state them here, to avoid confusion. A, refers to. Airy in “ Errors of 
Observations ;” D, to De Morgan in “Essay on Probabilities ;” and M, to 
Merriman, in “ Method of Least Squares.” The notation adopted is Sv=sum of 
differences from mean; Zzv*=sum of squares of differences; m=number of 
observations. 


‘6 Probable Error” ‘Mean Error.” A.  ‘* Error of mean square.” A. ‘* Modulus.” A, 
of A.°D.M. ‘2xmean risk.” D. ‘¢ Mean Error.” M. I D 


*¢ Average Error.” D. a/ weight 
"6745X ia zo =u anv 
ef n—1 ” n—1 n—t 
I‘000000 1°182946 1°482603 2°096717 X probable error. 
845 347 I‘O0O00000 1°253314 1°772454 X mean difference. 
"6744893 °797884 1°000000 1°414213 X errormean square. 
°4769360 "5641906 °707 1068 I‘O00000 X modulus. 


These formulz of course refer to the functions for a sémg/e observation, and 
must be+,/z to obtain the functions for the sean of a series. 

The maximum inclination of the curve being, then, at the error of mean 
square, the most accurate method of testing observations is to extract this error of 
mean square from them by the formula ; and then (by the tables of the Probability 
Curve) ‘682 of the number of observations, or a little over 3 of all, should have 
their differences from the mean less than this amount. Or it is nearly as satisfactory 
to take the simple average of the differences, and then (by the tables) °575 of 
the observations, or ¢ of all, should differ from the mean less than this function, 
If on testing the observation thus, by either method, it is found that more than 
the due proportion of all are within the limit stated, it shows that the limit is 
too wide; and hence that the most divergent observations should be rejected, 
and a fresh limit computed from the remainder, until the proper proportion of 
all the observations is within the limit of the function calculated. This system 
of weeding may thus be done by using any function of the curve; but the error 
of mean square is the most accurate in results, occurring at maximum inclination ; 
and the average error is the most easy to work. 


* The values of probable error stated in Airy’s “ Errors of Observation,” pp. 23, 24, are 
all slightly wrong ; this is owing to simply proportioning from a table, for the relation of 
probable error to modulus, instead of properly interpolating. The above values are by strict 
interpolation, and agree with De Morgan. 
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as, if a few of the more discordant observations ought to be rejected, it will be 
found that the final entries in the normal table agree with the observed 
differences a few lines higher up. 

In this Appendix some exception may be taken by the reader to the con- 
sideration of every question by means of its practical applications ; and to the 
absence of proofs deduced from the more elaborate processes of algebraical 
deductions from the fundamental theories. But since these fundamental theories 
have never been completely demonstrated, apart from all practical experience > 
so there is nothing unsuitable in referring directly to the practical working of a 
method. With respect to the fundamental law of probability, Merriman writes : 
“In the demonstration of this law of error ... there are two defects ... and they 
cannot be bridged over or avoided, but will always exist in this mathematical 
development of the law of probability of error” (“Method of Least Squares,” 
p. 196-7). Airy writes, of the same law, “ Whatever may be thought of the 
process by which this formula has been obtained, it will scarcely be doubted by 
any one that the result is entirely in accordance with our general ideas of the 
frequency of errors” (“ Errors of Observation,” p. 15). And after giving at the 
end of the same book, a practical example of the distribution of errors in the 
N.P.D. of Polaris, he concludes thus, “the validity of every investigation in this 
Treatise is thereby established ” (p. 119). After these appeals to the ultimate 
dependence on experience, it can hardly be thought objectionable to take the 
shortest road to the practical demonstration of each question. 
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Finally, the differences of the observations from the adjusted positions of the 
stations should be calculated; just as at first they were calculated from the 
' provisional stations. Then these differences may be plotted all on one sheet, 
and they represent the variations of the traces as finally adjusted, from the finally 
adopted places of the stations.* If, then, the graphic adjustment has not been 
satisfactory, or if an error has been made in any part of the computations, it will 
be shown by the position of the station not being in the midst of the plotted traces. 

195. Such a delineation of the traces may be seen, for the most important 
part of the present survey, in the diagram of ‘‘ Traces of the Actual Observations,” 
Pl. xvi. To have included all the stations of the survey, would have made the 
sheet unmanageably large to print ; hence, only those around the Great Pyramid 
are here shown. 

But beside the traces themselves, their probable errors must also be 
considered ; for it is needless to shift a sheet so as to bring one trace nearer 
another, if the probable errors of the two traces already overlap, while perhaps 
the shifting separates still further two traces, whose probable errors are already 
far apart. Accordingly, instead of drawing lines to represent the traces on the 
adjustment sheets, bands should always be drawn, extending in their widths to 
the limits of the probable error ; and the distances of the traces apart should 
always be regarded in terms of their probable errors. These bands of probable 
error are represented as they cross at station U, on Pl. xvi.; only in actual 
working they are a thin transparent wash of ink, through which other bands can 
be easily seen; and which is made thinner the wider it is, and the less the 
observation is worth. At W, here, only the halves of these bands are drawn, to 
avoid confusion. And at all the other stations the half traces, without probable 
error bands, are drawn, as the diagram would be otherwise too crowded to be 
intelligible. 

Another change in this diagram, from the actual appearance of the working 
sheets of reduction, is that instead of a spot representing the position of the 
theodolite at each centre, here the reflex traces are marked; these are the 
lines in which the theodolite should lie, in order that the direct trace from it 
should coincide with the adopted station. These reflex traces are dotted ; and 
it should be remembered when looking at the diagram, that the theodolite station 
is the mean of the dotted traces on any station; and in so far as this does not 
coincide with the mean of the direct traces, it shows an error of observing the 
eccentricity of the theodolite position. 

196. This diagram (Pl. xvi.) shows practically how nearly the observations 
of a survey may be adjusted, by a single process of graphic reduction. No 
alteration in any respect has been made from the results obtained by the first 


* Of course this should tally with the positions of the traces on the adjustment sheets 


as finally arranged. 
21 
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After rejecting 1 in 17, affected 
by occasional errors ; as by 


All observations probabilities. 
On distances over 20,000 inches| 2°22” or °28 inch °75” or ‘106 inch 
Between 20,000 and 10,000 210° 5 TS: 5 1°43, ‘O81 ,, 
Between 10,000 and 5,000 262 , 09 ,, 2°62 ,, ‘090 _ ,, 
Under 5,000 inches 415 , 08 ,, 3,81 , 079 ,, 


Hence it may be generally said that there was an average error of vs inch lineally 
in the azimuths; and in distances over } mile this error was exceeded by the 
average angular error of °8”. 

197. Such, then, is the method of graphic reduction, as applied to 
observations on plane surfaces ; adaptable to any scale of representation, and 
to showing any amount of accuracy. If meridian observations be taken, they 
may be marked as lines (or ends of lines) on the sheets ; and one element of the 
adjustment will then be the parallelism of these lines, or rather of their probable 
error bands. For observations on a sphere, the same method of reduction is 
equally applicable to co-ordinates of latitude and longitude, plotted on a suitable 
projection; provided the curvature is not extensive enough to modify the 
distances, so that a rotational shift does not affect the various stations 
proportionally. This error could not occur in terrestrial observations, and so 
the method is applicable to all geodetic surveys. 

It should be observed that the graphic reduction is equivalent, not merely 
to the usual system of reduction by least squares, from equations of shift of the 
points; but it is equivalent to a system of equations which allows not only of 
lateral shift of the points, but of rotational shift of all the observations around 
each centre, and also of disseverance of the centreing of the theodolite over a 
station, from all the other observations Zo that station; beside this, it takes 
account of the probable errors of all the observations. Thus it is equivalent to 
the determination of five unknown quantities for each point ; 2.¢, the two station 
co-ordinates, the two theodolite co-ordinates, and the zero of azimuth of the 
circle. And any system of reduction which does not include all of these five 
unknowns is defective, and cannot impartially render the truest results. Hence 
the graphic reduction of a network of a dozen stations, which is easily performed, 
is equivalent to the elaborate formation and solution of 60 normal simultaneous 
equations, with cognizance of all the probable errors of the observations ; and 
equivalent not only to doing that once, but to doing it many times over, until 
all occasional errors have been weeded out. In short, a few days’ work with 
graphic reduction will master a mass of observations and unknown quantities, so 
complex that its solution by least squares would only be attempted for such an 
object as a national survey. In any case it is desirable to employ the graphic 
method ; as, if the method of least squares should eventually be used, still the 
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graphic work takes but a small fraction of the labour; and it is invaluable for 
showing the places of occasional errors, which would otherwise vitiate the result 
from the least squares. And it is almost certain that in all cases the graphic 
results (esdecially by a repeated process), are well within the probable errors of 
the most accurate determination obtainable; and thus practically as accurate 
as any result that can be procured. Hence the graphic method will in most 
cases obviate the necessity for far longer processes; and also bring the 
adjustment of check observations within the range of practical work, to a far 
larger extent than is the case at present, 
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INDUCTIVE METROLOGY: 


OR, 
THE RECOVERY OF ANCIENT MEASURES FROM THE 
MONUMENTS. 


BY 


W. M. Finders Petrie. 


“The essay will be read with much interest and advantage by those persons who 
have given their attention to metrological science. It appears to be a valuable con- 
tribution to historical and ethnological literature, and to be a groundwork for further 
researches on the subject.”—NATURE. 


“This is a very useful and interesting book on the history of measures. . . . The 
work must be perused with care by all who wish to attain a definite conception of the 
mathematical ideas possessed by the builders of our megalithic monuments.”—PaLL 
MALL GAZETTE. 


“The means of which Mr. Petrie makes use are the principles of the statistical, or, 
as a recent writer proposes to call it, the numerical method of inquiry. The general 
character of that method is familiar to everyone, and Mr. Petrie has shown in his 
thoughtful and excellent essay that it may be applied to the problem of the determi- 
nation of the linear measures used in various countries in past times. The first part 
of the work deals with the methods required in this specific study, and gives examples 
of their working. . . . Mr. Petrie notes the principal sources of error to which 
metrological investigations are exposed, besides explaining the application of the 
theory of probable error to these investigations.” —FINANCIAL OPINION. 

“It is a very interesting and pregnant book, the result of much reading and patient 
research.” —THE BUILDER. 

“The work is full of fact and well-arranged arguments.”—PuBLic OPINION. 

‘‘On the whole, the work is a unique contribution to ethnologic science, and opens 
a wide field for future research. Not only are the methods and results original, but 


the whole conception is practically new to English-speaking ethnologists.”— THE 
AMERICAN ANTIQUARIAN. 


By the same author. Quarto, cloth, 3s. 6d. 
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